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Preface 


Within Unesco’s programme to foster the improvement of science education at all levels, and in 
all regions of the world, promotion of the international exchange of ideas and information plays 
an important role. As one means of encouraging this exchange, Unesco initiated the publication 
of a series on ‘The Teaching of Basic Sciences’. Three or more volumes in this series have so far 
appeared for each of the disciplines of mathematics, physics, chemistry and biology. These 
volumes are intended for all those concerned with improvement in the teaching of the particular 
science-teachers in universities and teacher training institutions, officials of ministries of education, 
secondary school teachers, students preparing to become science teachers, members of examin- 
ation boards, school inspectors, science teachers’ associations, etc. 

The present volume is the fourth in the series New Trends in Biology Teaching, the first 
having appeared in 1967, the second in 1969 and the third in 1971. The first three volumes 
represented experiments designed to determine the best means of disseminating useful information 
on modern content, approaches, curricula and techniques in the teaching of biology among the 
maximum number of science educators at minimum cost and as rapidly as possible. Hence each 
volume contained not an analysis of trends in biology education but a mixture of reprinted 
materials (e.g. summary reports of important seminars or conferences and articles from leading 
journals) together with original articles and supplementary factual information. 

Although all the first three volumes of New Trends in Biology Teaching were well received, 
it was felt that it would be even more useful henceforward to publish volumes containing actual 
analyses of trends and problems in various aspects of biology education as revealed by detailed 
study of the recent relevant literature; to print separate language versions of each publication (at 
least English, French and Spanish); and to issue a volume at the rate of one every four or five 
years. The present volume of New Trends in Biology Teaching has been prepared in accordance 
with this new policy and therefore differs in content and approach, but not in purpose, from the 
preceding volumes in the set. 

The designations employed and the presentation of the material in this work do not imply 
the expression of any opinion whatsoever on the part of the Unesco Secretariat concerning the 
legal status of any country or territory, or of its authorities, or concerning the delimitation of its 
frontiers. 

The opinions expressed in the following pages, moreover, are those of the authors and do 
not necessarily reflect those of Unesco. 
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Introduction 


The main objective of Unesco’s pre-university science and technology education programme is to 
organize and promote activities leading to the improvement of the teaching of science disciplines 
at pre-university level. The Organization’s aim in this field, particularly with regard to developing 
countries, has been to introduce improved teaching programmes for each particular discipline on a 
regional basis. 

As regards biology, the African continent was chosen for the implementation, between 1967 
and 1972, of a pilot project for the improvement of education in this discipline. Important results 
have been obtained thanks to the co-operation of the national study groups set up in African 
countries, to training courses and seminars lasting from a few weeks to several months and, finally, 
to the co-operation of experienced African and other specialists and educators. Among the latter 
are the members of the Commission for Education in Biology of the International Union of 
Biological Sciences IUBS. 

In order to support national efforts in educational renewal, covering the improvement not 
only of the content and methods of teaching programmes but also of teacher training, and above 
all the adaptation of education to its social and cultural context, Unesco, with the financial assist- 
ance of, and in co-operation with, the United Nations Fund for Population Activities (UNFPA), 
prepared in 1971-1973 and published in 1975 a Teacher’s Guide on the Biology of Human 
Populations for Africa and Asia. A version for Latin America will be published in 1977. Its aim is 
to provide biology teachers with source material concerning the many implications of population 
changes, especially the possible consequences of demographic growth, and the relations between 
man and his milieu, based on a solid background of scientific knowledge which they are constantly 
called upon to teach in the new courses. 

Meanwhile and parallel to this effort at making biology teaching more relevant to the needs 
of Unesco member states, the publication of the work entitled New Trends in Biology Teaching 
(three volumes of which have been published) was designed to disseminate information concerning 
international activities for the renewal of biology teaching. This series is a singularly useful 
instrument for communication between countries and a valuable source of information for all 
those concerned with biology education. Moreover, in order to identify and analyse the recent 
trends and present problems of biology education at all levels and of all types, especially over the 
last four to five years, and to prepare a four-year co-operative plan of action involving inter- 
national, regional and national organizations for the further improvement of biology education, 
an international congress was organized by the Commission for Education in Biology of the IUBS 
under contract with Unesco, in collaboration with the Teacher Training College of the University 
of Uppsala, in Uppsala, Sweden, 8 to 12 September 1975. 

To achieve the Congress objectives, the overall subject of biology education was divided 
into twelve topics or areas. For each of these, a trend paper was prepared in order to: 

— review, summarize and analyse developments and trends, as revealed by the existing literature 
and other documents from all parts of the world; 

— identify the issues, problems and challenges revealed by the analysis of the situation; 

— suggest the forms of co-operative action needed to solve these problems and meet these 
challenges; 

— include a selective bibliography for those wishing to read further on the subject. 


Every author was therefore asked not to add just one more article to the already extensive liter- 
ature on biology education, but rather to make a scholarly analysis and summary of the existing 
literature and trends. 

The trend papers were discussed in detail by concurrent working groups during the Uppsala 
Congress, in the presence of the respective authors. Besides revising the content of the paper in 
respect of the level (primary, secondary, university, etc.), the type (formal, non-formal), the aspect 
(objectives, methods, evaluation, etc.) of the concerned domain of biological education, the 
working groups were very helpful in bringing to the attention of the authors of the trend papers, 
information from various parts of the world in order to intensify the international approach. 
Moreover, discussions allowed for the submission of several recommendations and proposals for 
action pertaining to the various topics and areas under discussion. 

The revised trend papers were edited with due regard to the need stressed by Unesco and the 
IUBS Commission for Education in Biology for a balanced, scholarly and clear statement about 
what has been done and what is being done, with a satisfactory geographical representation of the 
examples used; and at the same time to have feasible and realistic proposals for action to guide 
Unesco’s activities in the coming years. The editorial work was also concerned, as usual, with the 
correct sequence of the papers, the necessary cross-reference between them, the avoidance of 
unnecessary overlapping, so that the reader is given a logical sequence of topics and studies, and 
at the same time a faithful picture of the input of the Congress. The editors are fully aware of the 

differences existing between the various chapters of this book, but they consider these as a positive 
aspect reflecting the specific viewpoints of the contributors. 

The revised and edited trend papers now constitute the chapters in this fourth volume of the 
work New Trends in Biology Teaching. 


l. Trends in the purposes and objectives of biological education. 

This,chapter deals with purposes and objectives in a general and global sense. It analyses re- 
cent literature concerned with the general question of ‘why teach biology?’ not only to the pro- 
fessional biologist and others who need it in their careers but also to the general citizen (for 
instance, through out-of-school programmes for adults and youths alike). This chapter identifies 
controversial and/or unresolved issues concerning the purposes of biology education. 


2. Trends in the biological component of education at the primary and junior secondary levels. 

This chapter reviews the literature in respect of all questions arising from the inclusion of 
elements of biology (including human and social biology) in science courses, primarily at the 
early school levels — the objectives, the methods, the special problems, preparation of teachers, 
problems of ‘integration’, etc. 


3. The development and design of new courses in secondary biological education. 

The enormous advances in knowledge in biology have resulted in the traditional ways of 
organizing and teaching this knowledge being challenged. This chapter reviews trends and patterns 
of the recent past as well as problems and present issues concerning the changing of biology 
courses, at secondary level, in the light of new knowledge. 


4. Curriculum evaluation and dissemination. 

This chapter focuses not on the product of curriculum improvement efforts in biology but 
on the processes or techniques, that are used for evaluating and disseminating new programmes 
and courses, There is a big difference between developing some improvement in biology education 
(course, or syllabus, or textbook, etc.) and ensuring that it is diffused and adopted throughout a 
national educational system. Success in this dissemination, of course, depends heavily upon 
factors peculiar to each country — relevant laws and policies, decision-making structures, the 
degree of autonomy of universities and school systems, the level of national development, etc. 


Nevertheless, there are probably lessons to be learned from a comparative analysis of the varying 
approaches (and the success thereof) in different countries. The chapter summarizes experience 
in this area. 


5. The understanding of the learning process and the effectiveness of teaching methods in the 
classroom, laboratory and field. 

Although science has been taught for a very long time, relatively little has hitherto been 
known about the psychological processes by which students learn such fundamentally different 
things as scientific concepts, principles, attitudes, skills, facts, etc. Research on these learning 
processes continues and the results are having some effect on approaches to the teaching of 
biology. Without emphasizing previous well-known facts and theories (Piaget, Skinner, evc.), this 
chapter reviews recent research findings and their effect on the teaching of biology, together with 
current issues and needed research. 


6. The impact of new instructional equipment and educational technology in the process of 
teaching biology. 

This chapter summarizes world-wide experience with all types of new devices and resource 
materials that can be used to facilitate the learning of biology. Examination of the role of 
educational technology covers not only complex and sophisticated systems but also simple devices 
useful in the least affluent circumstances. Examples of the former include computer-assisted 
instruction, broadcast and closed-circuit television, videotapes and cassettes, single-concept film 
loops, programmed materials, improved audio-visual equipment and materials, etc. Attention is 
given not only to what the new ‘hardware’ theoretically makes possible but also to the degree 
of success in actually utilizing it and in generating the necessary ‘software’. The chapter also 
concerns itself with developments and trends in inexpensive equipment, kits, and other learning 
resources, 


7. Trends in techniques and criteria used in assessing student achievement. 

Many efforts to improve science education have been rendered relatively ineffective by 
rigid and out-dated examination systems, by tests which have not been modified in type and 
content in the light of new objectives, new methods and new materials. This chapter not only 
examines trends and problems, at various levels of biology education, in adapting tests and ex- 
aminations to such changes, but also summarizes the consequences for biology education of new 
developments in the field of educational tests and measurements. It stresses the role of assess- 
ment in the daily contacts between teacher and students. 


8. Developments in the training and retraining of school biology teachers. 

Recent innovations in science education at various levels, particularly the secondary, involve 
changes not only in what the student is expected to learn but also in the role of the teacher in 
promoting this learning. Both types of changes would necessitate modifications in the pre- 
service and in-service training of teachers, This chapter summarizes trends, problems, issues in 
this area — the balance between biology and pedagogy in the pre-service training of teachers, 
whether future teachers learn biology in the way they will be expected to help their students 
learn it, experience in changing the behaviour patterns of teachers through various types of in- 
service training, etc. The chapter emphasizes the link which should exist between pre- and in- 
service training. 


9. Trends and problems in designing introductory university-level biology courses. 

Numerous developments have required special attention to biology courses at the introduct- 
ory university level — large increases in enrolments, shortages of equipment and laboratories, 
changes in the prior knowledge of students (as a result of improvements in biology education at 


the secondary level), shortage of teaching staff, etc. This chapter summarizes relevant trends and 


problems in all aspects of introductory university biology courses and outlines further action 
needed in this area. 


10. The contribution of biology to public interest and to public education. 

This chapter concerns the biology component of all activities that take place outside formal 
educational programmes and are intended to help the ordinary citizen learn about science so that 
he may contribute adequately to modern society. It considers not only out-of-school activities 
for youth (science clubs, science fairs, etc.) but also various media (museums, zoological parks, 
public lectures, radio, television, and newspapers, etc.) intended for the public at large. The 
chapter deals with what these activities should aim to present (facts or concepts, attitudes or 
what?), and the special educational techniques required in view of the diverse background and 


interests of the audience. It also considers the special difficulties of evaluating the effectiveness 
of such programmes. 


11. Regional and international co-operation for the improvement of biology education. 

An overall review of trends in the improvement of biology education would be incomplete 
without an examination of the status, trends and needs in regional and international co-operation 
in this area — the role of the United Nations agencies, of international and regional associations 
of biologists and/or educators, of foundations, bilateral aid organizations, industrial groups, etc. 
The chapter includes recommendations for future action in the light of past experience. 

It was originally intended to include in the present volume a chapter on ‘Designing courses 
to meet the changing conditions and requirements for the professional use of biology in basic and 
applied sciences’, prepared for discussion at the Congress by Prof. Adnan Badran, Dean of the 


Faculty ‘of Science, University of Jordan, Amman. Unfortunately, the revised version of Prof. 
Badran’s paper reached us too late for inclusion. 
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Truth and enthusiasm in biology education 


by Kenneth Mellanby 


The purpose for which we have met at this Congress is to try to improve biology education, This 
assumes that biology education is a good thing, but that we must nevertheless try to make it even 
better. I fully agree with both these propositions, I believe that biology should play many 
different parts, at different levels; in all types of education. However, I shall concern myself 
here with only two topics, chosen because they are ones in which biology education should play 
a predominent part. First, | shall speak about the environment, a subject of concern to us all, 
and one where the biologist should make a particular contribution — but where biologists (and 
pseudobiologists) often talk dangerous nonsense. The second topic concerns food — man’s needs 
and his ability to produce sufficient food is clearly a problem which faces every individual on 
earth today and in the future. 

My title, ‘Truth and enthusiasm in biology education’, may need some comment. We all 
know what we mean by truth, we all think it is a good thing, Nevertheless, absolute truth may be 
difficult to achieve, and most difficult of all may be the establishment of the difference between 
truth and opinion. In teaching we all set out to teach truth rather than error, but do we always 
succeed? Are we always clear when we are putting forward our prejudices rather than a descript- 
ion of the facts? And does it matter? 

The word enthusiasm has a more dubious origin. In earlier days it meant ‘possessed by a 
God’ — and the assumption was that he was not a very good or orthodox deity. Established 
churches were very suspicious of any sort of enthusiasm, believing that it commonly led to heresy. 
Today, enthusiasm generally has a much more favourable meaning — ‘ardent zeal for an object or 
cause’, The good teacher is an enthusiast, and he inculcates enthusiasm in his pupils. Yet the 
danger remains. Ardent zeal allied to truth is valuable, but allied to error it may do great harm. 
Unfortunately some of those most enthusiastic about our environment sometimes stray from the 
truth, and then I believe, they may do great harm both to their cause and to their pupils. 

I must admit that it is not easy for the layman to disentangle the truth about our environ- 
ments from the erroneous views often promulgated by those who should know better. For 
instance, there is the widely-held view that pollution is a comparatively new problem, and that 
pollution is getting worse and worse with each succeeding year. This opinion is expressed by 
the media — newspapers, radio and television — and also by scientists and teachers, including 
someswell-known university professors. Yet although pollution is indeed a serious problem, it 
can be shown that in most industrial countries many of its worst abuses have been greatly abated 
in recent years, and that most urban dwellers breathe cleaner air than did their parents and 
grandparents. There are still serious cases, some new industrial developments could have 
widespread harmful effects, the need for vigilance is obvious — but erroneous statements 
about our surroundings, statements which can be shown so easily to be wrong by obser- 
vation of what is there for all to see, may do much to prevent any further improvement 
from taking place. 

It is perhaps possible to forgive the media for their approach to the subject. The truth 
is generally much less exciting than fiction. A headline stating ‘City’s air slightly less dirty’ 
is less likely to sell a newspaper than one which shrieks 'A thousand citizens choke to death’, 
even if the details of this holocaust may prove difficult to establish. Unfortunately we all 
enjoy the sensational story 
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However, the main danger comes from the bogus expert. In the environmental field we 
have many painstaking and conscientious ecologists who are really trying to study the situation 
and to do all they can to improve it. At the same time we have a group of publicists, a few of 
whom do indeed have a proper scientific background, but the group is mostly recruited from 
the ranks of other disciplines (or lack of disciplines). In several countries these people are spoken 
of as ‘The ecologists’. Now I do not deny that many of them are examples of enthusiasts who 
wish to make the world a better and a cleaner place. But because so much of what they tell us is 
false, they generally do more harm than good. 

A worse danger arises from statements made by those who have a deserved reputation for 
their knowledge in some other field, but who appear to lose their critical faculties when faced 
with an environmental problem. The situation is complicated because we all, expert and non- 
expert alike, have our duties and responsibilities as citizens. The important thing is that those in 
authority, and those occupying posts which give them some scientific or academic standing, should 
make it clear when they are speaking as experts, and when they are simply concerned, non- 
expert citizens. 

Every teacher is a person set in authority, an expert among non-experts, and this remains 
true even in schools which adopt the most non-authoritarian methods of instruction. The teacher’s 
main difficulty is generally in deciding, particularly in some new field, who to believe and who to 
ignore. In fact none of us is a true polymath, expert in a great range of subjects. We can only 
speak with real authority, and from personal experience, in some quite narrow field of knowledge. 
We have to learn to identify the expert. 

Although almost every major advance in science has been a result of the discovery that some 
widely held belief is untrue, we must nevertheless accept the somewhat unexciting view that the 
majority of orthodox and established opinions in our subject are, at least approximately, correct. 
We must examine carefully the credentials of those who express other views, and we should not 
deviate widely from generally held views without looking at the evidence very critically. This is 
something of a council of perfection, for few of us are even able to weigh up the evidence in many 
subjects, and this brings us to realise how we in fact form our opinions. We tend to accept the 
views of those who impress us most, by their ability, their honesty, or by their attractive person- 
ality. But I can give you one useful tip in evaluating those who are concerned with environmental 
problems. Take care to discover what they say about some problem, no matter how trivial, about 
which you yourself have some practical experience. If their views on this are sound, then, though 
you should not suspend your critical judgement, you may assume that there may be something in 
what they say. If you detect them in minor errors, you should be very suspicious of their views 
on more important matters. The great advantage of the environment as a subject is that we can 
all make at least some observations to check the opinions of the ‘experts’. 

There are obviously many environmental problems whose study may have considerable 
educational value. Some of these are in the field of pollution. First, they allow accurate observ- 
ations to be made and recorded. Secondly, the interpretation of these observations can be dis- 
cussed and evaluated. The third advantage of such work is that it can be related to real problems, 
which are of obvious importance to the individual and to the society in which he lives. At this 
point I would like to discuss two investigations with which I have been involved in which child- 
ren tried to study the effects of different types of pollution. 

Some four years ago, the Advisory Centre for Education in Cambridge, U.K., and the London 
newspaper, The Sunday Times, launched its first project to encourage children to study water 
pollution. A simple kit was devised to make elementary measurements of various substances in 
fresh water, but the most important feature of the project was the identification of a series of 
‘indicator’ species of invertebrate animals which could be related to different degrees of water 
quality. Thus it was suggested that if mayfly and stonefly larvae were found, the water could be 
classified as very clean. The next grade contained caddis larvae and freshwater shrimps. Rather 
more pollution supported water lice and bloodworms, and the fourth grade such resistant 
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creatures as sludge worms and rat-tailed maggots. The most polluted water contained no 
recognisable animal life. Five grades of water quality were thus categorized by the possible 
presence of these different invertebrates; a check on the results could be made by noting the type 
of fish present. 

The first advertisement of this project was at the beginning of the schools’ summer holidays, 
and children were asked to make their observations in a week in August, well before the begin- 
ning of the next school term. Over ten thousand kits were bought, and over 80 per cent of the 
purchasers completed the exercise. The children were asked to survey one stretch of stream or 
river, but most did much more. Some cycled miles and studied long stretches of rivers, and sent in 
detailed reports and maps of their results. We were impressed by the enthusiasm of the children, 
and by the care with which they made their observations. Incidentally we were surprised by the 
age distribution of the participants — most were between 9 and 13 years, very few over 15. 
Some very young children of 7 and 8 made some good observations, and those we checked had 
mostly worked unaided by adults. In my opinion the project proved a great success. It could 
hardly be expected to produce new results of major scientific importance, but it did make 
possible the drawing of a more detailed map of water quality than had previously existed. It did 
teach the children how to recognise a real phenomenon, which was the effect of man’s activities 
on the type of invertebrate animal living in the water. Many volunteered the information that they 
had located small local sources of pollution entering rivers, and that they could distinguish the 
clean-water fauna above the source and the foul-water fauna below. Some even persuaded 
local polluters to mend their ways, by demonstrating to them just what their activities 
had achieved. 

A year later an air pollution survey was launched in a similar manner. A kit was devised, 
relating different lichens to different degrees of air pollution. An even greater number of kits 
— over twelve thousand — was quickly distributed. Again some very good records were returned, 
and a detailed map of lichens and of what was probably a good estimate of sulphur dioxide levels 
in the atmosphere was produced. However, there were various differences in the response in the 
two surveys. As I have already mentioned, we had a response of over 80 per cent response for 
the water pollution exercise, but for the air pollution the returns were only in the region of 10 
per cent. I am unable to explain this completely. It might seem that children are more attracted 
to mucking about in water, even filthy and smelly water, and that wriggling animals are more in- 
spiring than the most beautiful lichens! 

Another point relating to these surveys concerns the interpretation of the results. Water 
pollution is a very real phenomenon, and the work clearly demonstrated how the environment 
was being damaged or improved by pollution and its control. However, the significance of the 
lichen work was less simple to demonstrate. When I prepared a factual statement about the 
Survey for a newspaper, this was rejected in favour of a journalist’s account of the ‘Mucky air of 
Britain’, Now it was clear that in many areas where foliose lichens were absent, probably because 
there was too high a level of sulphur dioxide, there were few other signs of pollution. In fact we 
know that in areas of the United Kingdom where soils are sulphur deficient, a degree of this type 
of ‘air pollution’ is beneficial to grass and some arable crops. My general impression was that, 
as an exercise, water pollution is excellent and, without a great deal more explanation, air 
pollution is much less valuable. 

Incidentally, I cannot resist mentioning one other difference between the surveys, which may 
have influenced the number of forms filled in and returned. That on water pollution almost com- 
pletely bypassed the schools. We did find that a few keen teachers who lived near their schools 
helped their children in the holidays with work of this sort, but the vast majority of children sent 
for the kits of their own accord, and returned the results without showing them to any teachers. 
This caused complaints from some schools, and as a result literature about the air pollution 
scheme was sent to many teachers direct, at the same time that the project was advertised (and 
on this occasion, the advertisements appeared before the end of the school term). We know that 
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many teachers discussed the work with their pupils, and that in some schools it was made into a 
class exercise. It is difficult to avoid the depressing conclusion that, by bringing in the schools, 
we may have done something to reduce the enthusiasm of the pupils. 

But I think that the important lesson to be learned from the air pollution exercise is that too 
much must not be claimed for the results of such investigations. If we give children the idea that, 
by studying a significant problem, their results will inevitably have a considerable impact on the 
community, this will usually lead to disillusion and disappointment. Even established research 
workers are sometimes upset when they realise how profoundly unimportant to mankind their in- 
vestigations really are. But where environmental studies can truly be shown to relate to real 
problems, we are at least on the way to producing informed citizens. 

Incidentally, when we speak of air pollution, we should realise that there is one problem 
which is at least one degree of magnitude greater than any other commonly encountered, and 
this is the self-inflicted air pollution of tobacco smoking. Even the non-smoker is exposed to 
something more serious than the air of our dirtiest city when he sits next to a smoker. 

Now to consider my second topic — food, nutrition and the world’s food resources. This is 
obviously a biological problem. Unless we all get enough of the right food to eat, our health, 
efficiency and ultimately our survival is affected. We know that in many countries there is just 
not enough food for the needs of the population, that undernourishment is common and that 
many deaths from starvation occur every year. Here are many problems which must be included 
in the biological curriculum. 

Yet even more nonsense is spoken and written about food than about the environment. I 
sometimes think that the way the facts — and they are facts — about the science of nutrition are 
generally taught has done more harm than good. Thus we learn that there are substances such as 
protein and vitamins which are essential parts of a healthy diet. If we eat too little of them, we 
become ill. However, few people seem to realise that ‘enough is enough’. Because some protein 
is necessary for health, they believe that the more protein they eat, the healthier they will be. 
Even governments, recording a rise in meat protein in their citizen’s diet, say that ‘the diet has 
improved’. In fact it is difficult to produce a diet, even a completely vegetarian diet, that does not 
contain sufficient protein. The only easy way to produce protein deficiency is to give too much 
sugar — and some children and old people do suffer from this cause, as the sugar replaces cereals 
which are relatively good sources of protein. 

The same fallacies apply to vitamins. Foods are described as ‘rich in vitamins’ and there- 
fore, presumably, likely to promote health. Unfortunately, in many countries it is the more 
educated citizens who are most convinced of this. They do not realize that once an individual has 
ingested the minimum requirement of these essential foods, any more is wasted, except that it 
may make the diet more interesting and more enjoyable. The trouble is that overindulgence in 
these comparatively scarce substances by the rich nations exacerbates the shortage in the poorer 
regions. Malnutrition is indeed common in all countries, but the cause is greed and overeating in 
one part of the world, and the shortage of essential food in another. 

The food shortages in our poorer countries are attributed to the uncontrolled growth in 
population. This is only true to a limited extent. Population growth is indeed a serious problem, 
and a biological problem to be included in the syllabus. It is obvious that if population growth 
continues at the present rate in many countries, there will soon be far more people than the 
world can support. But that situation has not yet been reached, and food is not, at present, the 
limiting factor. If we had an effective world government, it could distribute the food produced 
today to ensure a healthy diet for at least twice the present world population. 

The apparent world food shortage is caused by several factors. First, uncontrolled pest 
crops and food stores take a heavy toll, perhaps as much as 25 per cent of all that is grown. 
Secondly, the waste in the kitchen and dining room of the food bought by the citizens of the 
wealthy nations is almost as great, Thirdly, those who overeat — and so damage their health ‘a 
waste a considerable amount more. But the greatest waste of all is caused by feeding food tha 
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could be eaten by man to livestock in intensive units in order to produce the large amount of = 
animal protein which many of us, quite wrongly, believe is necessary for our proper nutrition. 
Few of us realise how wasteful this is. In Britain we feed more grain to livestock than we eat our- 
selves; between 92 and 99 per cent of this is simply wasted. í i 

This statement may seem to need justification, for many of you will have been told that, for 
instance with intensively reared broiler chickens, a conversion ration of two to one may be ob- 
tained. This means that two kilogrammes of food fed to the chickens enables them to make a 
live weight gain of one kilogramme, a very creditable performance. What is not realized however, 
is that the food is a dry, high protein ration, containing fish meal, soya, maize and added minerals 
and vitamins. Though somewhat unpalatable, it would make an excellent human diet. Two kilo- 
grammes of this makes one kilogramme of chicken, But when the chicken is prepared for the 
table, half (skin, etc.) is thrown away, and of the rest, two thirds is water. So the real conversion 
ratio is twelve to one, not two to one. Intensively reared pigs and bullocks are even less ‘efficient’. 
Only when there is a world surplus of grain and soya beans, is it reasonable to feed this to animals, 
to produce meat that is eaten for pleasure, and not for necessity, by the more fortunate. 

These are some of the truths that must be included in any course on food and population. 
They may be less exciting than reports of famine, agricultural desolation and inevitable mass 
starvation, but they may also help our pupils to redress some of the mistakes which have led to 
our present situation. 

In conclusion, I wish once more to stress the grave responsibility of all those who teach 
biology, particularly where this is concerned with practical problems. They probably feel very 
strongly about the abuses inflicted on that environment by their fellow humans, by industry 
and by civilization. They probably feel very strongly about starvation and malnutrition in 
developing countries. These are things about which they should teach, but they are also subjects 
in which the truth may be difficult to disentangle from the propaganda arising from all sides. If 
they can show their pupils how to distinguish truth from biased propaganda they will have made a 
real and lasting contribution to their education for life in the twenty-first century. 


The future of biology 


by T. Gustavsson 


It was perhaps unwise of me to accept an invitation to talk about the future of biology. We know 
too little about the future, and even if I were to restrict myself to some practical recommend- 
ations, the topic would be complex and could be approached from many angles. 

I could for instance approach it from an educational point of view. Which parts of the en- 
ormous accumulation of rather specialized knowledge should we hand on to our students who 
are responsible for the future of biology? Do we give them the impression that we know more 
than we do? Do we give them the impression that we will soon have solved the problem of 
cancer, that we will soon be able to correct genetical diseases or schizophrenia, or carry out organ 
transplantations, or control and protect the ecosystem? 

We could also discuss the topic from an economic or political point of view. Has biological 
research or basic science in general any place in a starving world faced with an explosive develop- 
ment of the population? Does biology involve a risk that, by working out methods for so-called 
genetic engineering, we may endanger human society? Would it not be wiser to restrict ourselves 
to a few specialized topics of immediate practical importance such as the biological control of 
pests, the treatment of trachoma, the control of pollution and the improvement of deserts so that 
we might live in a happier and wiser world? Would it not be better to leave more academic prob- 
lems such as the evolution of molluscs, the sensory mechanisms of water spiders, the formation 
of mitochondria and the problem of integration in the nervous system to future generations? 
Or is it desirable — as I believe, and as I hope you believe — not to confine ourselves to 
attacking problems of immediate practical relevance, but to attempt to deal with every aspect 
of biology. 

But I will leave educational, economic and political problems aside and, in spite of all my 
hesitation, I will restrict myself to the future of biology as a natural science, studying the nature 
of life and living creatures at every level of organization. I will deal with its internal structure. As 
it is difficult to talk about the future I will talk about some general trends in the past and present 
and then try to extrapolate into the future, or at least define some important conditions for a 
healthy, harmonious development of the science of life. I will paint a picture in black and white 
and make a lot of educational simplifications, and what I say may not even be true. You may 
well be exasperated and anxious to get rid of me before I have finished. Let me say straight away 
that I look upon the problems as a developmental biologist who has little understanding of the 
superiority of this or that approach, and who dislikes barriers between different biological disc- 
iplines. Men of my age, that is those in their late fifties, have witnessed a tremendous develop- 
ment in biology, in particular in the field of biochemistry, or more precisely molecular biology. 
Already I have made an over-simplification. 

We have seen many colleagues leave the organismial level and enter the world of molecules. 
There, all the secrets of biology would be solved, they thought, and progress in that field has 
indeed been impressive. Asa young student, I was amazed by the intricacy of the steps of glycoly- 
sis, which had recently been worked out. The reason for my interest in metabolic questions was 
the so-called metabolic gradients in the egg that appeared to be important for the developmental 
process, but the metabolic machinery itself soon attracted me. | also listened to discussions about 
the Krebs cycle that at first was considered by many to be an intellectual joke. The work went 
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on, maps of various complicated pathways now cover the walls of many laboratories and are very 
impressive. 

The processes of oxidative phosphorylation and photosynthesis were also elucidated in much 
detail, but there were gaps in our knowledge which were difficult to attack. Unfortunately, these 
were the most important ones. However, during this period the biochemists began to realize that 
spatial orientation of molecules plays a fundamental role. A higher level of organization was 
therefore accepted. The idea that metabolic events could be reconstructed by mixing purified 
enzymes, co-factors and metabolites was accepted with respect to glycolysis, but not in many 
other cases. Our failure to crack the secrets of oxidative phosphorylation and photosynthesis 
reflects this. The biochemists therefore begun to study biological membranes, such as those found 
in mitochondria, the endoplasmic reticulum and the cell surface. New tools and new concepts 
were introduced. And we now begin to get a vague idea about the organization of some cell 
structures, how enzymes after attachment to the membranes change their activities and are able 
to interact in an appropriate way. 

Thus, many biologists left the organismal level for molecules but had to return to a more 
complicated level and this is encouraging. But at the same time I have the feeling that the need 
for chemical and physical training grows stronger and I sometimes think that future problems at 
this level will not be solved by the old biologists who once left the organism for molecules. The 
biophysicists have entered the scene. 

We can follow a similar development in the study of proteins and nucleic acids. When I was 
a student, the role of nucleic acid chemistry was intensively discussed among all biologists. Cas- 
persson and Brachet and others had produced evidence that nucleic acids might represent the 
genetic material and play some role in protein synthesis, but nucleic acid chemistry was a mess 
and progress was limited to some elementary statements and guesses. Protein chemistry was 
a and there were a few people who were not even convinced that proteins were poly- 
peptides. 

Both fields have undergone a tremendous development. The experiments of Astbury were a 
shock, but it has been argued they may have come too early to have a real impact. However, 
after a period of brilliant work by thousands of biochemists and cell biologists, the so-called 
genetic code was born. We learned that the sequences in DNA determine the amino acid sequences 
in the polypeptide chains which, as they are linked together, automatically fold up into intric- 
ate three-dimensional structures. Most important, too, is the finding that these structures may 
undergo conformational changes which are reflected by changes in enzymatic activity and that 
much of the intricate regulation of many life processes, such as some steps in formation of the 
genetic material itself, could be explained on the basis of conformational changes. What a bio- 
chemical triumph! 

However, the details of regulation of protein formation are still not known and here also 
our ignorance is due to lack of sufficient knowledge about structural organization, in this case 
of the ribosomes. Once again, the biochemists had to return to a higher level of organization, 
and once again one has the feeling that there is little place for the old biologists; enormous bio- 
chemical and physical knowledge is required. 

Some of the main results of molecular biology are known to every school child, but the 
more recent results concerning regulatory processes are so intricate and so much lack the appeal 
of the genetic code, that they are mainly discussed in a rather restricted circle of specialists 
using a very difficult language. Here is another reason for dismissing the old biologists. 

The biochemists have invaded still higher levels of organization and have even begun to work 
with intact bacteria! Their results have had an enormous impact on other branches of biology far 
outside biochemistry. Endocrinology has undergone a tremendous development since the elucid- 
ation of the role of membrane-bound adenyl-cyclases which, under the influence of specific 
hormones attached to receptor molecules at the cell surface, change their activity and give rise to 
cyclic AMP, which then works as an activator of various enzymes. The isolation of cholinergic 
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receptors, currently being pursued, and the discovery that cyclic AMP has a sister, cyclic GMP, 
and that the two to some extent mediate opposed neurotransmitter effects is one indication of 
the enormous impact which molecular biology has had on neurobiology. I might also mention 
the dopamine story in relation to Parkinsons disease. No doubt biochemical achievement of this 
kind will stimulate various biological fields and provide the endocrinologists, neurobiologists and 
others with new tools. This is an optimistic outlook for the future of biology. 

But quite as often the biochemical achievements may have an opposite effect. As a develop- 
mental biologist I must confess that I have sometimes considered giving up the problern of differ- 
entiation, obsessed by the feeling that this field is only open to biochemists who are capable of 
purifying and defining some regulatory proteins attached to the genetic material. The story of 
Monod and Jacob and the work on the role of acidic proteins as policemen that displace basic 
proteins from DNA and thereby induce its transcriptional activity is intellectually satisfying, but 
it does not encourage a traditional biologist to continue along the same lines. Such biologists cer- 
tainly did some fundamental work in the thirties, on the principles of embryonic induction and 
on the interaction between rather obscure gradients in the egg, for example, but they may be in- 
capable of carrying on their analyses at the molecular level. Like many other biologists, they 
have a feeling of alienation, of being obsolete and superflous. If they tried to do some 
biochemical work and were successful they would still have the feeling of having left the 
organism behind. 

There are also technical reasons for this feeling of alienation. A pre-requisite for this enor- 
mous biological progress was a rapid invention and refinement of scientific tools. The develop- 
ment of Tswett’s clumsy chromatographic column into the modern gas-chromatography or thin 
layer chromatographic plates and the amino acid sequence analyser has been impressive. We can 
now separate the pheromones from a few glands of a bee and quickly determine the amino acid 
sequence onan almost invisible sample of protein. Some of these tools are easy for the layman to 
handle and this is a reason for optimism, but in the majority of cases the old biologist has little 
skill in using these tools. He needs a well-trained engineer by his side. 

One exception is, no doubt, the transmission and scanning microscopes which are used by, 
a great many traditional biologists gather. But in order to go deeper into the problems, a com- 
pletely new type of knowledge is often required, and this must be supplied by the physicist and 
technologist. 

I could continue my biochemical and bio-physical appasionata indefinitely and I realize 
that I have forgotten the tremendous development in immunology, the action-myosin inter- 
action, the rapid progress in electrobiology and so on, but this does not change the picture. The 
molecular biologist and biophysicist have laid completely new foundations for biology, in some 
cases their concepts, molecules and tools can be of great use for the so-called old biologist, but 
quite as often the latter feels incompetent to carry the analysis further and even that he would 
lose his identity and basic interests if he tried. What identity? Which problems? I will come back 
to that later. The molecular biologists and biophysicists have also invaded other branches of 
biology and begun to study more complex structures such as membranes and fibrous elements, 
and the biologist of the old school may ask himself if he should give up biology completely. The 
molecular biologist can do the work. I must underline that what I say is a crude caricature in 
black and white. I will now try to situate the molecular biologist in his place. 

Is the future of biology no more than the future of molecular biology? Does it depend on 
an increasing specialization on the part of scientists who only study tiny fractions of so-called 
living matter? Does it depend on the development of more and more refined and intricate lab- 
oratory equipment that soon will be so expensive that it must be mainly concentrated in inter- 
national research institutes? Will biology more and more be a question of purifying molecules 
and fitting them together again? Will biology more and more be a science concerned with 
Eschericia coli, the liver of the white rat and possibly Chlorella? Will there be any need for other 
creatures? Is ultrastructural research the endpoint of scientific biology? Is everything above the 
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ultrastructural level uninteresting? No! I used to say to my colleagues who decapitate white rats 
and homogenize them in order to separate some particles: “But you are‘throwing away the best 
part of the animal! The head with its brain and its billions of synapses and pathways, and the 
feet and toes. Even the tail represents a tremendous problem! You may reconstruct a ribosome 
by mixing together a number of molecules, but you cannot produce a brain or a toe in that way.’ 

Yes, biology is also about organization and functions far above the membrane level. We 
have toes and fingers. We have brains which are organized in a marvellous way and which can 
produce secretions such as La Divina Commedia, Beethoven’s string quartets, and mathematics. 
It is such an organization that enables bees to communicate, birds to listen to signals telling them 
to migrate or to find their way by the stars. It is this organization that allows bats to find their 
food in the dark. This dynamic organization is also found at the supra-organismic level. It is 
responsible for the remarkable fluctuations or sometimes stability in animal populations, and the 
whole ecosystem involves giant questions of dynamic organization. The macro- and micro- 
evolution refer to the modes of change of this organization. Developmental biology is the story 
of the creation of the organism from the simple egg. 

Are there then a lot of dynamic structures that are not directly a consequence of molecular 
organization? Of course they are. I am no antireductionist, but the molecular biologist will not 
reach the answer in the way he works, and solely on the basis of his own concepts and sophistic- 
ated instrumentation. 

Let us now turn to the future. It is interesting to see a great number of molecular biologists 
taking the long step from the molecular organization to the complexity of the organism, thereby 
joining the so-called old biologist who has always dwelt there and studied this complexity by his 
own methods. A counter current in biology far past the membrane level! Sometimes these steps 
are not so long. Molicular biologists use their knowledge to elucidate the structure of the chrom- 
osome of higher organisms, which is something quite different from the E.coli chromosome, but 
in doing this they will probably realize that they must learn a lot from the old-fashioned regula- 
tion of the gene activity and the process of evolution. They will realize that the three-dimensional 
structure of the chromosomes probably plays an essential role in gene regulation and they may 
also find that evolution is not just a question of mutation of individual genes and amino acid sub- 
stitutions. The enormous and often abrupt diversification in many groups is -- this opinion can 
be defended — based on changes at a level that in general molecular biologists have so far over- 
looked. 

A particularly long step is taken, when the molecular biologists begin to try to find the 
secrets of morphogenesis at tissue and organismal level. In fact, many molecular biologists 
realize that the fitting together of amino acids into proteins, or molecules into membranes, is 
not the whole story. They realize that the fitting together of cells into complex structures, into 
brains, hands and whole organisms is a terrific, provocative problem. Hence they join the old 
traditional biologist — another instance of this interesting counter current in biology. The 
organism is allowed to exist and to be investigated in all its complexity. 

Sidney Brenner’s isolation of various mutant nematodes with various abnormalities in be- 
haviour isan example. He makes an ultrastructural mapping of the neurones and their connections 
to elucidate the genetic control of morphogenesis of the nervour system and hence the genetic 
control of behaviour. Crick’s interest in the nature and mode of operation of the old-fashioned 
embryonic gradients and the more recent concept of positional information are another example. 
One could also say that the activities summarized as neurobiology are a reflexion of this increased 
interest in the complexity of the organism among the molecular biologists who there work side- 
by-side with electrophysiologists, ultrastructure specialists, anatomists, psychologists, and com- 
parative physiologists. An old-fashioned student of the cellular mechanisms of gastrulation and 
morphogenetic events at later stages in the sea urchin finds himself in good company with a lot of 
famous molecular biologists. I remember with amusement that some fifteen years ago | tried to 

explain to a colleague what I was doing. I got the dry answer: ‘You are superficial and old- 
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fashioned, aren’t you? Would it not be wiser to work with the protein synthesis of the larva and 
not look at shapes — they are already known!’ As if the problems I dealt with did not also in- 
volve questions about molecular processes that trigger and control the morphogenetic cell move- 
ments — which, moreover, were little known all that time. 

The breaking of barriers between molecular biology and the biology of higher levels of 
organization is indeed, as I see it, one of the best promises for the future. We have learned a lot 
from the molecular biologists and can use the knowledge without giving up our problems; and 
they join us and, I hope, learn a lot from us and find our problems, approaches and concepts 
respectable and important. Another trend in biology, which has a close relation to the general 
increase in interest in complexity, is that many mathematicians and theorists are beginning to 
orient themselves towards biology. An expression of this is the foundation some fifteen years 
ago of the important Journal of Theoretical Biology. Theoretical or mathematical biology has 
been looked upon with suspicion by many biologists in the past and there will always be a lot of 
biologists who prefer observations and experiments on biological objects, but theoretical modell- 
ing can reveal possibilities worthy of consideration. Very often we may learn from such work 
that we are looking in the wrong direction, that we are collecting useless information and asking 
the wrong questions. I am not a theoretical biologist myself — unfortunately, there are many 
defects in my scientific training — and 1 can therefore not speak passionately enough about the 
achievements of theoretical biology. You may, however, look for yourselves at the July issue 
of Theoretical Biology (1975) and read about a model generating the complicated pattern of 
skeletal elements in the embryonic chicken limb, a mechanism based on assumptions of rather 
simple localized cell-to-cell-interactions. 

Another trend in biology is that we are beginning to realize that we should utilize and study 
the whole animal or plant kingdom — many individual biologists, all so-called old-fashioned ones, 
have done this without asking for permission. One reason for this, and not the only one, is that 
experiments with a few species, no matter how intelligent and intricate the experiments may be, 
cannot reveal all the secrets. By using fishes, which have been the subject of an enormous series of 
experiments, we can learn a lot of fundamental things, about the autonomic nervous system for 
example, but they are not suitable material for solving other problems. 

The trend towards more complex levels of organization is also reflected in the rapid develop- 
ment of the biology of the supra-organismal level, such as population biology and ecology. Pop- 
ulation biology is a field I am not too familiar with, but it will certainly play an important role in 
the future and shed light on such problems as the cause of the tremendous fluctuations in pop- 
ulation densities that have been recorded. 

Ecology is rather a young science. When I was a student there was little teaching about 
ecology in Sweden except in limnology and plant sociology. It is still to some extent in a descript- 
ive phase. One sometimes wonders if the correct data are being collected. The healthy develop- 
ment of ecology will depend, I think, on the same factors that are required in other branches of 
biology, i.e. breaking down barriers between different levels of organization and other branches 
of biology. Ecologists should learn more about the functions of the living creatures that make up 
the biological component of the ecosystem. We should realize that ecology is physiology at a 
supraorganismal level, and just as a general physiologist goes down to cells and molecules, so the 
ecologist has to consider the functions of the single species. The breaking down of the barriers to 
theoretical biology has, on the other hand, advanced rather fast, not least through Odum’s ideas 
about the energy flow through the ecosystem, which one day may help us to get a total model of 
this dynamic structure. 

But now I am being guilty of the same sin as some molecular biologists when discussing 
other biological branches! The healthy development of a science does not only depend on break- 
ing down barriers. Every science should also be allowed to develop according to its own dynamics. 
Ecology, more or less closed within itself, has already formulated many problems and reached 
fundamental results, such as certain laws determining the stability of the ecosystem. 


7 


New trends in biology teaching IV 


As a general summary, I would say that biology represents a house with many floors, the 
world of molecules at the bottom, the ecosystem at the top and the organismal and cell level in 
between. Each floor has many rooms, often with rather narrow doors. One may defend the 
statement that, in the public mind, the activity has been particularly successful down at the 
bottom and up at the top. People on the middle floor have had the advantage of utilizing many 
of the results from the bottom floor. But very often they are afraid to go too deep into molecular 
biology, partly because they feel unable to work with such problems, partly because they have 
the feeling that by going down they would loose their identity; they would drop the global aspect 
of the problem, an aspect they consider essential. Sometimes they feel very frustrated because 
the molecular biologists appear to try to invade their own floor. Some of these, just a few, are 
also rather nasty schoolmasters who tell the old biologist that their problems are obsolete. An 
interesting trend, however, is that some molecular biologists take a long jump up into the higher 
floors, bringing a lot of know-how and enthusiasm, but at the same time demonstrating respect 
for the organismal problems and readiness to accept new methods and new concepts. A similar 
fruitful development in ecology is underway, and the breaking down of the barriers with regard 
to mathematical biology is also rapidly taking place. 

We are beginning vaguely to realize that every section of biology should be allowed to 
develop according to its own intrinsic structure. Breaking down barriers is an expression of toler- 
ance. Accepting the uniqueness of every branch in biology is also a question of tolerance. 
Apparently the future of biology will be a question of tolerance. Thus the future of biology be- 
comes a question of ethics. If we realize this I think that the development of biology could be 
brilliant. If we do not, biology will be characterized by increasing specialization, friction and a 


feeling of alienation in some branches. This will lead to a lack of progress as the analysis of the 
complexity of the organism will be retarded. 
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TERMS USED TO DENOTE THE PURPOSES AND OBJECTIVES OF EDUCATION 


There is no terminology to denote the many shades of meaning in connection with the purposes 
and objectives of education. Two main groups of terms, however, are commonly employed: 

Group A. Terms which are connected with the broader purposes of education, viz. purposes, 
ends, goals, aims, general objectives. These are frequently concerned with the long-term targets 
of education, i.e. the behaviour of the individual person many years after the learning experience 
is over (skill in drawing conclusions from data; cultivation of an attitude of respect and love for 
natural objects, etc.) They tend to be much the same for a wide variety of subjects in the 


curriculum. 
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SRE RE ECOCIN TV 


INTRODUCTORY PARTS OF A STATEMENT OF PURPOSES AND OBJECTIVES 
The target population 


Table 1. Aims of biological education in schools 
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eneral biology is meant to contribute to the development of the student into a 
happy and useful being’, 
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te 


w 


20 


DLLN Le VSS DeUYal 


Date Alb. Bur BR. zo Purposes and objectives 
Aco. NOQ L.R oes seenr 


At secondary level, the order of importance is 3>2>1, whereas at tertiary level this order is 
reversed. 

It may be mentioned in passing that purposes are sometimes stated only in regard to useful- 
ness (and not in regard to individual development). For example: ‘The present purposes of higher 
education are to produce individuals, expert in various specialities, to maintain and develop the 
economy and advance knowledge in an increasing number of fields’ (Beard, 1968). 


What happens if the aim of individual happiness is in conflict with the aim of useful co-operative 
behaviour? For example, the aim of developing co-operative behaviour may involve the learner in 
manual labour (cultivating a garden plot) while the aim of developing individual happiness may 
have to take account of the fact that some individuals hate manual labour. The solution of such 
conflicts should be left to a later point in the curriculum-making process, namely, when con- 
sidering methods to be used in learning and teaching; what is to be noted now is that there may 
be hidden conflicts between objectives, that these conflicts are recognizable and that com- 
promises are inevitable. 

It must be admitted that it is unusual for a statement of purposes and objectives to stipulate 
the ends of the course in the above manner. This is because such a statement sounds so trite as to 
be unnecessary; it applies to all education and not specifically to biological education; and it is 
vague and can lead to endless hair-splitting argument which the pragmatic curriculum-maker may 
consider an unnecessary waste of time. Exactly similar remarks apply to such aims as the develop- 
ment of the student’s unique personality, his adaptability, awareness, zest for life and work, and 
reasonableness in dealing with other people and their work. 


Priorities among objectives 


It would be helpful to the users of a curriculum if priorities were recognized and listed in the 
statement of the curriculum’s objectives. 


In order to indicate priorities a rating scale could be used as shown in table 2. 


Table 2. A rating scale for objectives 


I Objectives which are to be pursued intensively and in depth. 

II Objectives which are to be pursued in depth (but not intensively). 

III Objectives which are to be pursued as an essential part of the course (but not in 
depth). 

IV Objectives which are to be pursued as the opportunity arises. 

V Objectives which are postulated but rarely pursued because of a variety of constraints 
such as lack of time, lack of materials, and lack of maturity of the students. 


Another way of indicating priorities is to make statements such as the following: 
The course lays particular stress upon: 


— an all-round knowledge of biology; : 
— the use of the experimental method in solving biological problems. 


This is vaguer but at least indicates fairly clearly that the course would not leave out a topic such 
as genetics or evolution or reproduction, and that it would not treat science merely as a body of 
sound knowledge. 

Still another way is to set down the approximate number of hours which are to be spent on 
each topic during the teaching of the course. 

In countries with public examination systems, the examination papers give implicit clues to 
the students as to what the examiners consider to be the examinable priorities of learning. Exam- 
inable priorities may be overshadow other priorities which are valued by the examiners (e.g. 


enjoy ment of biological literature) but which are non-examinable at present. 
Fx 4 - 
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OBJECTIVES 


; i nce, 
It is convenient to classify objectives into the three well-recognized domains he ae eded 
i.e. cognitive (knowledge), psychomotor (motor skills) and affective u i E separation. 
that all three domains are often involved together in acts of learning and t e 
as below, in relation to biology learning is mainly a matter of conyemienge in a ing asnon 
It is also to be noted that the will to do something (conative domain?) is not the sam ARY 
about it, knowing how to do it, and feeling like doing it. The specimen statement of obj 


set out in table 3 is divided into six sections: 
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the content of the knowledge to be learnt; l T ; EET T 
the cognitive levels and national and human particularities which should be cultivat 
learning the content; . ; i vi 
the aspects of social and applied biology which are to be taken into account in learning 
the content; . ; i 

the particular intellectual skills which are to be developed while learning the content; 
objectives in regard to psychomotor skills; 
affective objectives; 


Table 3. Specific objectives of biological education at senior secondary school level. 


. Knowledge of the principles of: 


— the classification of the organisms (so as to show their unity 
and diversity); 

— thebarrier (tegument) between the organism and the external 
environment; 

— the input of energy and materials into the organism; 

— the output of energy and materials from the organism; 

— the transport of materials within the organism; 

~ the co-ordination of functions within the organism; 

— movement of organisms; 

= reproduction in plants and animals; 

— development in plants and animals; 

— inheritance of biological characteristics; 

— organic evolution; 

— biological Populations, communities and the biosphere; 

— the chemical substances found in organisms; 

— balances (including homeostasis) in organisms, populations, 

communities and the biosphere; 
the biological basis of animal behaviour; 
— the literature tesources of biology; 


Note Various Te-groupings of the items in the above list are possible. 


2. The knowledge described above 

— not only at the level of lear 

levels of application, analysis, 

— so as also to exhibit the Processe. 
knowledge is obtained; 


is to be treated — 


synthesis and evaluation*; 
S by which biological 


— so as to exhibit the tendency to quantify biological concepts; 


what one group of leading biology curriculum reformers felt about the taxonomy: 

‘Bloom’s taxonomy was used only as a guide for formulating the Nuffield A-level 
Biology objectives. This decision was arrived at after careful investigation. Possibly the 
major lesson that was learned from it was that while it is possible to find biological (or 
egories, it is far more difficult, and in some cases 


scientific) examples to fit Bloom’s cat 


ning for recall but also for the higher 


Ill 


Priority 
Rating 


Purposes and objectives 


Table 3 continued Priority 
— so as to exhibit the process by which biological knowledge Rating 
changes; y 
— soas to show the links between biology and other basic sciences; IV 
— with special reference to the flora and fauna of the country; Il 
— with special reference to biological research studies which have 
been carried out in the country; Il 
— with special reference to man. ll 
3. The knowledge described above is to be used as a basis for learning the 
factual (objective) biological aspects of the following topics in social and 
applied biology: 
— Food and nutritional situation in the country Ill 
— World food situation IV 
— Health and sanitation IV 
— Climate, clothing and building in the country v 
— Environmental changes resulting from human activity * ll 
— Population growth in the country ll 
— World population growth Iv 
— National development plans IV 
— Behaviour of human groups y 
— War and peace v 
— Artistic experience v 
4. The following intellectual skills are to be developed while acquiring the 
knowledge listed above: 
— Skill in reading biological data presented in the form of tables, bar 
diagrams and line graphs ll 
— Skill in casting biological data into the form of tables, bar diagrams 
and line graphs lll 
— Skill in summarizing the data in terms of arithmetical mean, range, 
and other parameters v 
— Habit of looking for data and other evidence in a book or paper y 
— Skill in drawing conclusions from data 1 
— Skill in proposing hypotheses to explain the conclusions Ill 
— Skill in designing fact-finding surveys, and experiments to test a 
hypothesis ll 
— Skill in using reference books in biology v 
— Skill in writing up the results of a survey or experiment in the manner 
customary in biological science v 


*Special attention should also be given to micro-environmental problems such as 


intensive farming, smoking, etc. 


5. Objectives in regard to psychomotor skills 
Ability to carry out surveys or experiments in relation to the 

knowledge described above, including the ability to construct 

simple apparatus for the experiments. m 
Ability to use the hand lens and the compound microscope. Wl 


The above motor skills are to be developed at least to the level of guided response. 
A taxonomy for the psychomotor domain has been prepared by Simpson (1969); 
she recognizes six levels: perception, set, guided response, mechanism, automatic 
performance, and adaption. 


impossible in any relevant sense, to fit the ‘Bloom’ categories to acceptable and recog- 
nizable student objectives of a biological education as we defined it. What is done 
depends on one’s interpretation of priority. We considered it more important to accent 
“biological education” objectives rather than Bloom’s taxonomy. The latter defines a 
hierarchy and priority of relationships which appeared to be of limited value in the 
specific context of A-level biology’ (Kelly, 1972). 
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Table 3 continued 


6. Affective objectives 
— The student should develop an attitude of love for living organisms and 
respect for the self-replenishing cycles of nature; and respect for the 
right to use or not use the stores of biologically-deprived material. IV 
— The learning of the knowledge listed above and the motor skills should 
be accompanied by an affective aura at least at the level of valuing 
learning. Il 


The taxonomy of the affective domain as described by Krathwohl et al. (1964) con- 
tains five main levels: receiving (attending), responding, valuing, organization, and char- 
acterization by a value or value complex. 


The statement of objectives gives no indication of the sequence of topics in teaching the course. 
The Roman numeral placed after each objective indicates the weight to be given to the objective, 
according to the key given in table 2. 


Other ways of classifying objectives 


The National Assessment of Educational Progress (United States), in 1972 - 1973, used three 
‘primary’ categories of educational objectives in science: 


to know the fundamental aspects of science; . : 

to understand and apply the fundamental aspects of science in a wide range of problem 
situations; 

to appreciate the content and processes of science, the consequences and limitations of 
science, and the personal and social relevance of science and technology in our society. 


Each primary Objective is divided into ‘sub-objectives’ and each sub-objective is further defined 
with descriptions of behaviours which are used to test the student’s learning. 


As an example of a deliberately brief statement of objectives, that of the Nuffield biology 


materials (‘ordinary’ level) could be cited: 
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The profound i 
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to develop a critical ap i 
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ulation of a narii and experimentation but also on questioning, the tna 
people. > ypotheses, and, above all, on communication betwee! 


Developments in chem} i 
ei mistry, physics, and mathematics are helping us to make advances 1» 


ocial implications of biology in relation to man’s everyday needs, €-8. 


Purposes and objective. 


Developed vs developing countries 

If the purposes and objectives were essentially the same for both groups of countries, this is not 
to say that the content of the courses would be the same; the content could in fact be different 
for each country in view of the differences in the fauna and flora and the social and ecological 
problems facing different countries. 


INFLUENCES THAT DETERMINE THE PURPOSES AND OBJECTIVES OF EDUCATION 


The most important of the various influences which have decisive effects in selecting the purposes 
and objectives of education could be listed as follows: 

Concern for development of the learner as an individual. 

Concern for priorities in the social system of which the learner is a part. 

Concern for the ethos of the particular discipline of study (subject). 

Concern for generalization about learning. 

Concern for the teacher. 

Concern for putting available technology to use. 

Concern for religious beliefs. 

Concern for cultural pressures. 

Concern for commerce. 

In the ensuing sections examples will be given from contemporary biological education to 
illustrate these influences. In practice, of course, we should expect to find that for a given goal 
or objective — in biological education as in everyday life — there are usually more than one in- 
fluence at work in prompting it. For instance, the objective of helping the learner to learn about 
reproductive processes in vertebrates may end its source in a concern for the development of 
the learner as a human being, a concern for a social priority such as the problem of human pop- 
ulation growth, a concern for the discipline of biology where it seems wrong to neglect so im- 
portant a biological phenomenon as reproduction in a biology course, and a concern for cultural 
pressures such as a lessening degree of puritanism in human relationships. Nevertheless, the de- 
cisive influence which determines the inclusion of a goal or objective is often more clear-cut. 


PURPOSES AND OBJECTIVES FOR THE DEVELOPMENT OF THE LEARNER AS AN 
INDIVIDUAL 


In Western societies, self-development tends to be rated higher than anything else. A survey 
carried out in 1973 in the United States by the National Commission on the Financing of Post- 
secondary Education showed that ‘“‘self-development was the leading reason given by students 
for seeking education beyond high school. The second most important reason was employability” 
(The Times Higher Education Supplement, 7th February, 1975). 


Individual cognitive domain 


Thinking for oneself 


All contemporary biology curricula tend to lay stress on the goal of independent thinking by the 
the learner. A variety of terms Is used to denote various facets of thinking. These include :— 
open-mindedness, inquiry, discovery, problem-solving, fluency, flexibility, insight, and originality. 
Teaching materials prepared specially to serve this purpose include discussion units or more 
complex packages which include readings, projects, etc. Studies have sought to show that think- 
ing performance is improved by the use of BSCS courses (Woodward), BSCS inquiry films 
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i i tive 
‘Invitati iry? (Starr, 1970), and inductive vs deduc 
5 BSCS ‘Invitations to Enquiry’ ( arr, | i E 
ade ee Analyses of the concept of inquiry have been T a 
og Ann Sne from Thailand (Teaching by Inquiry), and a review o a a 
t achin: methods has appeared (Ramsey & Howe, 1969). Open-minded teache 
e g 


i idea ~ Blankenship, 
better than authoritarian teachers in regard to the practice of BSCS ideals (Jones & 
1972). 


Learning to learn 


i i i that he may be- 
The aim here is to furnish the learner with the habit of learning = es et ee tates ir 
come a lifelong learner (the three L’s which, as is sometimes remarked ‘ a Se ee ae 
tional three R’s). Attempts to achieve this aim in biology have include 


i i i ials (Fulton, 
structured material (Penick et al., 1974) and individualized learning with BSCS materials ( 
1970). 


‘Essential’ knowledge 


i e st important 
The aim, in T.H. Huxley’s words, is to ‘furnish them (the learners) a E a 
portions of that immense capitalized experience of the human race w r Scie amen 
the great and fundamental truths of Nature’. ‘Scientific literacy ode ral onlara tons 
knowledge; it has been analysed into three components — oo operations, even 
(Klopfer, 1969). But knowledge of facts remains necessary for higher rise Sone Tenner asta aiit 
in elementary school biology. This is certainly not the same as viewing i riculum materials 
vessel to be filled. Concern for this goal has recently given rise to biology cur! 
for adult self-study (Advanced General Education Program). 


Integration of knowledge 


Assuming that t} 
of convenience t 
of helping the 


‘aan : ae i x : 3 aken several forms. 
subdivisions. Practical outcomes of this integration viewpoint have me er arranged a course 
Integration within a framework of biology. The curriculum-develop 


i ca ie er disciplines including 
which is still called biology but which includes plenty of material from other discip 
chemistry and 


the BSCS bl 
by this aim, especially since che 


. ol system. 
mistry and physics came in grades 1] and 12 in the scho 
In universiti 
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es there have been efforts to get different departments to identify hi et 1972). 
mmon to them and to run joint courses on this common area (Apos hit away from 
o note the current tendency in universities in England and Wales to shi n university- 
ct (honours) degrees to those with two or more subjects. The chapter o 


integrate the teaching of biology around three 
the flow of ener in ecos stems, and the ger ject: its topics 
Biology Ee into general arising Biology disappears as a separate ae om 
are incorporated along with those of chemistry, earth science, physics, etc., into g 
Many examples can be cited. 
England: Nuffield Combined Science (grades 7 - 8); 
Nuffield Secondary Science (for young school leavers); 
Foundation Science course of the Open University. 


Scotland: Science for the 70’s (grades 8 - 9) (Mee et al., 1971); 
Sri Lanka: Science (grades 6 - 9); 
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United States: Idea-centred lab science (I—CLS); 
Two-year, three-year and four-year high school integrated science pro- 
grammes; 
Unified science approach K | - 12 (Showalter, 1968). 


Individual person: affective domain 


The aim of educating the feelings has received a high place in educational thought. Plutarch in 
memorable phase affirmed that a child’s mind is ‘not a vessel to be filled but a fire to be kindled’. 
Agricola (15th century) wrote: ‘If there is anything that has a contradictory name, it is the 
school. The Greeks called it schole, which means leisure, recreation; and the Latins ludus, that is, 
play. But there is nothing further removed from recreation and play. ‘William Godwin (c. 1800) 
used a biological metaphor in observing that ‘the formal lessons of education pass over without 
tuffling a fibre of his heart; but his private contemplations cause his heart to leap, and his blood 
to boil.’ 

The aim of educating the feelings takes the form of objectives such as helping the pupil to 
develop and cultivate respect and love for living organisms and for books and learning. The 
chapter on curriculum evaluation observes that ‘the aesthetic values of a tree, a flower, a bird, or 
of grass need to be included in developing environmental awareness. In some cultures, such as 
that of Japan, this has reached a state of high art; in others, it may not even be a consideration.’ 
A plea for focussing attention upon the affective domain in biology has been made afresh (Kuhn, 
1973). A list of affective objectives in biology and an account of its use in the classroom is given 
in Glass (1970). Measurement of affective objectives in biology students has been described 
(Selmes, 1973; Simpson, 1973; Skinner & Barcikowski, 1973). One of the mainstays of the 
recent enormous movement to produce self-instructional materials and modular courses is the 
aim of helping the student to enjoy learning by doing so at his own pace and according to his 
taste.1 Yet another recent large-scale movement, ‘outdoor education’, has strong roots in the 
aim of enjoying learning. Words such as ‘curriculum enrichment’ by outdoor education carry the 
same intent. The principle of learning by ‘discovery methods has roots in the affective involve- 
ment of the pupil.2 The phase ‘meaningful topics is laden with affective overtones. Another 
affective goal is a sense of responsibility. It is claimed that the practive of getting senior 
students to teach junior students in college develops a sense of responsibility in the students 
(Wise, 1968). Self-reliance is said to be one of the outcomes of self-instructional methods of 
education (Waskoskie, 1973). The strong belief of teachers in the value of providing actual 
experience for the pupils is full of the affective influence. Is this not one of the main reasons 
for doing field work with biology students, community work in biology (Sutcliffe, 1973) and 
‘the environmental classroom’ (Hawkins & Vinton, 1973) and visits to aquaria, gardens, and 
zoos (Turkowski, 1972)? Field work takes a multitude of forms which have in common a desire 
to cultivate a feeling for nature: there are nature study centres (Hoban, 1973), out-of-school 
activities (including a side programme sponsored by Unesco) (Stevens, 1969), vacation courses 
for students (Perkins, 1973), long trips, and projects. Field trips are not necessarily superior to 
lectures in regard to knowledge and attitude outcomes in students (Brady, 1972). 

The relationship between feelings and knowledge has been explored in a few studies. Strong 


1. It must not be forgotten that that old educational device, the book, has always had this advantage of letting the learner 
learn at his own pace. Some educators have always allowed for the pupils’ individuality. Pavlov, recalling with gratitude 
his secondary education in a theological seminary in Ryazan, Russia, (ca. 1860), wrote: “One could follow one’s own 
intellectual inclinations, which was not the case, regretably so, in the notorious Tolstoy gymnasiums” (named after D. 
Tolstoy, a minister of education who made the gymnasiums into scholastic schools with hard discipline). 


2. Rousseau’s Emile “knows little but what he knows is really his own. His thoughts are not in his tongue but in his brain. 
Let him not be taught science, let him discover it. 
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human beings in harmony with the rest of life on this island lay to be moulded into fine 
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large (Unesco, 1969). The principles which he learns must eee materials which 
examples from his own environment. This is the objective Cece (Basnayake, 1974, and the 
pay special attention to the country’s own data, e.g. in Sri a Philippines (Interaction of 
use of common local plants in the learning of biology, e.g. in t ndary school students in 
living things and their environment) and Nigeria (Lawton, 1972). viel reference to the role of 
the Arab region should learn about the efforts of biologists with special 
Arab scientists (ALECSO, 1973), A A ical educators 
The applications of biology to society are of widespread interest he pone into account 
(Grobman, 1970). Professional courses should take the needs of socie be Sisweoriented 
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in science. The development of innovative practices commonly takes the form of investigational 
work done by students, resulting in the creation of new knowledge (Thornton, 1972; Tryon 
et al, 1973). The importance of ecology both at global level (as with such topics as tobacco 
smoking) and at the local level (as with such topics as forestry in Finland) needs to be stressed. 


PURPOSES AND OBJECTIVES ARISING OUT OF THE ETHOS OF THE DISCIPLINE OF 
BIOLOGICAL SCIENCE 


A profession tends to look after its own affairs and perhaps even to extend its influence upon 
related areas of human activity. The biologists, through their professional associations, were a 
powerful influence in the great curriculum movement of the 1960’s. BSCS arose in this way, 
and Nuffield Biological Science was fully under professional control. A little later, college 
biology in the United States came under the influence of the Commission on Undergraduate 
Education in the Biological Sciences (CUEBS) (Kormondy, 1972). 

The aims and objectives for biological education as proposed by professional biologists 
are likely to be much influenced by the ethos of the discipline of biology. This influence has 
taken two main directions: 
— to make the subject 

biology as a whole and of the mos 


matter of the biology course fairly representative of the field of 
t important communicable recent advances in bio- 


l x n r fe M n ' 
= to make the student work like a professional biologist in solving biological problems. 


These two directions have had decisive effects on the general biology courses prepared for 
children aged around 14 or 15 years; the most outstanding examples of the 1960’s were the 
three versions of the BSCS (‘blue’, ‘sreen’ and ‘yellow’) and the Nuffield biology texts for 
‘Ordinary level’ in England. Extension of this influence to all school levels is seen in some 
new programmes such as ‘Currently Credible Biology Concepts for K — 12’ experts in biology 
(Thompson, 1970). Professional biologists are invited to prepare course content in various areas 
of biological science such as conservation (Ronfeldt, 1969; Roth et al., 1970) and marine 
science (Mangelsdorf, 1966; Driscoll et al., 1972). Space biology is receiving attention (Lee 
et al., 1969). The same professional desire for representativeness is seen at college level (Lewis, 
1973). 

enue to make a biology course ‘modern’ can, of course, lead to monstrosities: the 
chapter on examinations observes that ‘there is evidence from essay type answers that the inclu- 
sion of complex and difficult material such as metabolic pathways and molecular biology has 
led to excessive rote learning’. The paper on curriculum evaluation opines that ‘it may well 
be that current popular concentration on molecular biology, quantitative biology, genetic 
engineering and other similar topics does not contribute to the solution of problems in regions 
where resource books are badly needed on environmental questions and the systematics of 
local organisms’. : s 

Apart from updating the content of courses, professional biologists have also interested 
themselves in a connected aim - that of funnelling the products of current and older research 
in a country into its school system, e.g. Sri Lanka (Basnayake, 1975). 

The second main direction which came from the professional biologists was that of making 
the biology student into a miniature professional himself. The student must develop the ability 
to sniff out a biological problem, and to communicate his findings. The emphasis is on biolog- 
ical science as a process, a way Of solving problems. It is claimed that process is steady while 
product changes (Connelly, 1972). The inclusion of process became a status symbol in biology 
curricula (Saunders, 1972). Claims are made that the new curricula are better at teaching the 
processes of science but some of these claims are disputed (Strauss, 1970). The Nuffield A- 
level Biology Project included among its objectives that of training the student to ‘make 
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creative contributions to investigatory and problem-solving studies’ (Kelly, 1972). 


THE INFLUENCE OF GENERALIZATIONS ABOUT LEARNING 


Several generalizations which form part of hypotheses of learni 


ng have had a powerful influ- 
ence upon the choice of aims and objectives in education. Ex 


amples are given below from the 
field of biological education. 
Generalizations 
The generalization that subject matter which is interesting to the learner is learnt better than 
that which is not 


Conflicts can arise bet r to make things interesting and some 
of the objectives of biologi i entative coverage of the discipline of 
biology or drills in biological skills. i 


Learning theory also Suggests that very 


amount of knowledge which is learnt (see abo 


strong affective involvement can reduce the 
ve). 


useful concep 
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focussed conservation conce 
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Purposes and objectives 


Learning by doing 


This doctrine has been one of the factors that led to the aim of getting biology students to 
practise biological science like miniature professionals. It may help learning but the laboratory 
approach is not the only valid road to the learning of biology, any more than it is for nuclear 
physics, and alternative approaches have been described (e.g. a socio-historical approach to 
biology) (Boles, 1968). 


Transfer of training 


The psychology of learning has for decades been sceptical of the assumption which teachers 
tend to make that the principles which they teach will be applied by the learners to situations 
outside the classroom. This scepticism concerning the ready transfer of training has led to the 
inclusion in courses of the objective of training the student to apply his knowledge to new sit- 
uations, and the objective of learning specific topics in applied biology and not leaving it to 
chance. 


Behavioural objectives 


Performance objectives and instructional objectives are those which specify the behaviour to be 
expected of the learner to show proof that he has learnt. They make it clear to the learner what 
exactly he is expected to be able to do as a result of who has not been given behavioural object- 
ives, and they make it clear to the teacher and examiner what exactly they are entitled to ask 
the learner to do to show that he has learnt. An objective such as ‘the student should learn the 
classification of vertebrates’ is not a behavioural objective (and may be called a ‘pre-objective’ 
if a separate term is necessary (Korgan & Wilson, 1973) while ‘the student should be able to 
state the name of the taxonomic class to which the lizard belongs’ is. Behavioural objectives 
are written with verbs which describe the student’s expected performance, e.g. he ‘writes down’, 
‘states’, ‘focuses’ (the microscope), ‘draws’ (a graph), and so on. 

The Nuffield A-level Biology Project used the behavioural objectives shown in table 4 
for evaluation of the overall achievement of students (Kelly, 1971). They were called ‘behaviour 


systems’. 


Table 4. ‘Behaviour systems’ in the Nuffield A-level Biology Project. 


A. Recalling a wide range of biological knowledge involving a choice of alternatives and 
an understanding of relationships. k 

B. Writing essay accounts of designs for investigations and explanatory descriptions of 
biological topics. : aan 

Solving written problems involving biological data. 

. Acquiring, understanding and utilizing information from reading and relating it to 
other knowledge. p 

Undertaking practical work and recording and handling the results obtained. 

Undertaking a project involving the operational divisions: 
— statement and consideration of problems in the area of special interest; 

selection of a limited topic for practical investigation; 

investigation of background knowledge; 

planning the investigation; 

recording the data; 

interpretation of the data; 

relating Ae ane pre tion of data to the background knowledge and suggest- 
ing further investigations; 

compiling a bibliography and acknowledgements; 


ma pA 


Lot ee 
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The development of self-instructional devices, in which the student also tests himself to 
check whether he has learnt, has stimulated the practice of writing behavioural objectives. The 
tests are constructed to test the behaviours which have been specified. The practice is common 
in audio-tutorial courses and computer-managed courses. 

Behavioural objectives have also gained popularity in situations where a number of schools 
in a school system use the same curriculum materials and it is desired to have a reasonably 
common standard of learning throughout the system. They are used, for example, in the ‘Comp- 
tehensive Monitoring Programme’ (CAM) in Sequoia Union High School District, California, 
and the BSCS Human sciences for middle school. 


Behavioural objectives have also been written for some introductory biology courses in 
college (Creager, 1973), and for teacher training. 

Lists of behavioural objectives tend to be long and unattractive. They may also tend to 
deal with the relatively trivial details for which behaviours can be easily specified (e.g. shown 
a picture of a common vertebrate, the learner should be able to identify it verbally as a fish, 
amphibian, reptile, bird or mammal) and to ignore behaviours which are more difficult to 
specify in a manner which will be of real use for practical testing to determine whether the 
objective has been achieved (e.g. love and respect for living organisms, or the habit of reading 
biological literature). Frazer (1975) has listed the arguments for and against the practice of 
writing long lists of objectives. Among the six advantages he lists is the following: ‘the teachers 
and students are in harmony; there is no confusion about what each is trying to achieve; the 
student is clear when incidental or illustrative material is included in the course’. And among 
the Seven disadvantages which he lists: ‘students react unfavourably to the ‘spoon-feeding’ and 
brain-washing’ which are implied in this approach.’ There is at present no evidence whereby to 
decide whether defining objectives helps the learning process (as opposed to the planning of 
courses and the design of examinations). 

Behavioural objectives are tedious to write, just as test items are difficult to prepare. 
n i : e tise to arise for trading in the former, as they have arisen (and become be 
made inter. Head There is an Instructional Objectives Exchange, Biology 10 - 12, orga 

Ae or the Study of Evaluation, California University, Los Angeles. 

notated bibliography on behavioural objectives is found in Bingman (1969). 


Learning to learn 


R 
seat, ‘ae ~ Supported by common experience - suggests that there are some general 
training in E apply to the learning of various kinds of material. If the student is given 
easily become TET strategies of learning it can reasonably be presumed that he will more 
learn’. It has fisted eee This viewpoint has given rise to the objective of ‘learning to 
ially booklets on biological bom of masses of supplementary curriculum materials, espec 
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(Wise, 1968). This sort of objective applies to teaching methods ana materials, while leaving 
the objectives of the biological education of the learner himself undiminished. 


OBJECTIVES WHICH ARISE OUT OF A CONCERN TO PUT AVAILABLE TECHNOLOGY 
TO USE 


We live in a world which is full of technology. Some educators feel that school curricula do not 
reflect this at all and that the result is technological illiteracy. Computer technology has added 
new objectives to biology courses, €.8. simulation in ecology at university level. Side by side 
with this, the old objective of learning to improvise simple apparatus also survives (Lockard, 
1972). The working paper on educational technology observes that there have been cases of 
‘a veritable squandering of funds in the installation of sophisticated and complicated equipment 
conveying merely trivial messages, Or rather, information which less onerous means like a simple 
blackboard for example could have done as well.” 


OBJECTIVES ARISING OUT OF A CONCERN FOR RELIGIOUS BELIEFS AND CULTURAL 
PRESSURES 


e of biological education be that the student should learn the biological 
aspects of human reproduction? Cultural pressures make the teacher draw a line somewhere 
between no teaching at all and practical training in sexual techniques. BSCS felt it was a bold 
step in the early 1960’s to treat all parts of the United States alike in regard to the teaching of 
human reproduction and of evolution in the BSCS materials (Grobman, A., 1969). If biology 
curriculum materials were left entirely to the goodwill and sensitivity of the trade, the result 


would be quite different; the customer comes first in the ethos of the marketplace and his 


Should one objectiv 


education second. . : z . : 
A striking example of religious pressures is the evolution controversy in California (Wenner, 


1973). Should it be an objective of biological education to have the student learn all hypotheses 
concerning the origin of species, even if some of them are dead hypotheses as far as the bio- 
logical profession as a whole is concerned? 

The work ‘anti-intellectualism’ is often heard during discussions of cultural pressures. It 
usually denotes suspicion and distrust of the intellect as the sole or even the chief criterion of 
value-in education and life. It denotes a desire to open the window to other dimensions of 
experience such as outflows of feeling and inflows of grace. It rejects ‘academic rigour’ as the 
highest criterion of respectability in education. Its influence upon objectives of biological educ- 
nexion with such movements as outdoor education, environmental 
ducation. These movements do not reject the intellect; they value 
d mere academic rigour into the realms of respecting, appreciating 


ation may be seen in con 
education and population e 
it and use it, but they g0 beyon! 
and loving the objects of their study. 


THE 60’s AND 70’s 


Trends which were a focus of attention in biological education in the 1960’s and which con- 
tinue to be so in the 70’s may be short-listed as follows: 
thinking, inquiry, discovery in the learning process; 


processes of science; 


relevance: local flora and fauna, local data; 
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meaningful topics; 
discipline: representativeness and up-to-dateness: 
technology: simple inexpensive equipment. 
Trends which are Stronger in the 70’s than in the 60’s. 
— Cognitive domain. 
Emphasis upon ecology, population problems, social biology, national needs. 
Greater flexibility in choice of subject matter by students and teachers. 
Encouragement of student research. 
Integration of subject matter. 
Adult self-study. 
Behavioural objectives. 
Sex education. 
— Affective domain. 
Greater attention paid by educational scholars to affective areas. 


Greater freedom and responsibility for the student to choose his subject matter and 
time. 


Greater attention to the student’s individuality. 

Greater. attention to subject matter’s relevance to individual and social interests. 
Trends which were a focus of attention in the 60’s but are less so in the 70’s. 

Training undergraduates to become future professional biologists. 


Use of prestige groups in the profession. 
New trends in the 70’s 


New technology introduces new objectives. 
Religious differences. 


NEGLECTED PURPOSES AND OBJ ECTIVES 


hrs ag are still some Purposes which even 
1 > aea e nevertheless, be asked in the interests of the 
improvement of education. What about Objectives such as training the student to Sorela his 
own unique gifts? To develop skill in skimming and extracting the essence from 


Purposes and objectives 


books?! To develop the habit of going straight for the tables and graphs of data in a paper 
before reading the text? To develop skill in noticing whether an author cites arguments not 
only for his thesis but also against it, and winkling out the assumptions which the author is 
making? These objectives are not specific to biological education. The question is whether 
they are important enough and feasible enough to find a place in biological education. If 
the answer is yes, there arises the paramount question of how this can be done. 

Among other objectives, biological education should not neglect the area of human rel- 
ationships and family-life education. 


ASSUMPTIONS AND PROBLEMS UNDERLYING STATEMENTS OF PURPOSES AND 
OBJECTIVES 


Assumptions 


A neat and simple flow chart could depict the orderly process leading from aims to content, 
to methods, to learning. Now consider the many assumptions which underlie it. First, it may 
Suggest that aims and objectives need to be stated more or less precisely in words and not 
merely vaguely. If so, there is the further assumption that aims can be put into words. Words 
are not the same as things. Is it at all true that a major aim of ‘education’ is to keep children 
out of mischief? and to attach some kind of label to them for future reference? If so, is it ever 
put into words in a statement of aims? If not, why? There may be reluctance to verbalize some 
of our strongest convictions. 

If the statement of aims is for use not only by oneself but also by others, we must assume 
that the words mean the same to everybody. It is also usually assumed that the curriculum- 
maker (and not the funding body or the students or the market agent) is the best person to 
state the aims. It is further assumed that the statement of aims does determine or at least 
seriously influence the preparation and use? of curriculum materials and the evaluation of the 
curriculum and of the student’s learning. A good example of the evaluation of a curriculum, and 
indeed of the evaluation of the aims themselves, is found in the Nuffield Advanced Biology 
Project (Kelly, 1971)*. There is likewise a tendency to assume, that the short-term aims (if 
these are distinguished at all), such as might be tested ina school examination paper, do really 
support the long-term aims (such as those for adult life). Assumptions of this sort are naturally 
difficult to test. One example was the discovery that a community which had had conservation 
lessons in school showed better knowledge of, and attitudes towards, conservation than did a 


community which had had none (Solid, 1971). 


Emergent objectives 


Instead of writing out the objectives before working on the content and method of the course 
it is possible to write them while the course materials are being prepared. In the former case 


; ing i i ing i i alues, reading abilit- 
q k on effective reading in science. There are chapters on reading in science wv > l 
1 prepne (1960) wrote aa k teaching reading skills), diagnosis in the reading of science, skill in varying the rate of reading 
aee man T and nature of materials, skill in using parts of a book, skill in locating and using sources of inform- 
o 


i ili e vocabulary of science. i 
2 et fe he EART norae 9 send the children out for babysitting, send them out babysitting. Send them out for social ex- 
> onest; 


i 7 bjectives.’ (Fuller, 1969). 
i des, or whatever you want them to do, but don’t let’s confuse our o! $ 
3 haves ce beets eatin? are frequently surprized when they ask whether the teachers who reach the curriculum 
i S a i i 972a). 
i e aims of the curriculum (see e.g. Kelly, 1 ; oa i 
4 ne aa are really nar A Hoke were conceived more as hypotheses than as absolutes, bearing a similar relation to the trials 
` -objectives ot the at d capable of being proven, disproven or modified. Indeed some objectives were abandoned 


A «periment an i + acti er 
et oe afore outcomes of the trials resulted in new or modified olectives being introduced for the re- 


vised scheme.’ 
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the objectives are pre-set, in the latter they emerge out of the course. Emergent objectives — 
the disadvantage that they do not guide the preparation of the course but the advantage oO 
possibly being a truer reflection of the purposes of the course. — “ 
A type of evaluation which may be allied to the philosophy of emergent objectives : 
described in the chapter on curriculum evaluation as ‘responsive evaluation’, the proponents 
of which ‘differentiate their views by treating objectives, hypotheses, test batteries, teaching 
syllabi, etc., not as the basis for evaluation but as components to be evaluated —— 
Responsive evaluation has the built-in flaw of excess subjectivity and serves a more casual, less 
scientific way of reporting.’ ; 
When the Nuffield A-level biology curriculum was being evaluated after school trials, 
new objectives emerged: ‘some of the successes of the project were not anticipated, e.g. studies 
using simulated habitats, those concerned with the relation between mathematics and biology, 


and aspects of project work. Should these unforeseen, beneficial outcomes become objectives 
of future evaluation?’ (Kelly, 1972). 


Revision of objectives 


Scant attention has been paid to the problem of revising a list of objectives as the curriculum is 
put into practice. Clues for revision can come from the growing insights of course-makers and 


teachers, and from feedback from the classroom. There should therefore be a continuous re- 
appraisal of the objectives of biological education. 


Consistency between objectives 


There may be open or hidden conflicts between objectives. Thus the objective of learning a body 
of established knowledge (in a limite: 


d time) may conflict with the objective of learning to ask for 
evidence all the time. This situation can be met by changing the latter objective into ‘learning to 
handle evidence’ or (less easily) by reducing the former objective so that the body of knowledge 
to be learnt is conveniently small. 


Desiderata 


2. Are emergent objectives more realistic than pre-set objectives? 

3. How many major aims can a teacher effectively keep in mind in classroom practice? 
4. How are hidden conflicts between objectives resolved in practice? 

5. What are the mechanics of revising lists of objectives? 
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INTRODUCTION 


It is difficult to speak of biology teaching outside the global educational context and without 
reference to the social and economic factors which govern it. These elements vary greatly from 
One country to another and consequently it is not possible to suggest a single teaching (didactic) 
model. The comparative study of the different curricula enables us to pick out certain trends, 
facilitates the analysis of data, and decision-taking at the specific level of each country. , 

Not all the projects relating to the subject could be consulted because of considerable 
documentary problems. The projects cited are only examples aimed at making the analysis 
More concrete: they show the importance of international exchanges which the Uppsala Congress 


was meant to develop. 
This chapter is l 
It is centred around the pro 


imited to the teaching of biology during the first nine years of schooling. 
blems characteristic of this age group. During this period, biology 
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teaching does not aim at training specialists but at contributing to the general ‘Senin Sore 
the child so as to make his or her social integration easier. It involves mass teaching even wn 
the course of study is not compulsory. At least during the first years of this period, curri 

are the same, whatever the capacities of the children may be. 


FACTORS EXPLAINING THE EVOLUTION OF BIOLOGY TEACHING AT THE PRIMARY 
AND JUNIOR SECONDARY LEVELS 


Various factors have had an impact on the evolution of the discipline and have brought ena 
profound change in teaching methods since the second world war. Some of these factors apply 
specifically to the teaching of biology at the elementary level. 


Development of ideas on the subject matter of science in general and of biology in particular 


The rapid development of the sciences has drawn attenti 
mind in the construction of science, and has contributed t 
of an image of science closer to that held by the schol 
The systematic participation of scientists known for t 
disseminating such a conce 
points: 


Science cannot be defined as a collection of facts grouped to satisfy theories. It cannot be 


on to the part played by the human 
o the dissemination among pedagogues 
ars and the historians of the sciences. 
heir research has contributed towards 
pt more rapidly. The scientists’ analysis emphasizes the following 


cesses after the observations a the rejection of three ways in 

which young pupils are often introduced to science: 

— an introduction to science cannot consist 
in observation; this is a scientific i ort of perception is orientated by 
questions which lead to the establi i i 
the elaboration of a plan of organization; 
an introduction to science cannot be a single learning of techniques (how to rear a hamster, 

for example); it beg: 


to analyse practices in order to derive 
tred to vary different situations; 


Creativity, curiosit 
definition, scienti 
nly present amon 
€re all the facto 
based on oral 


y and a critical attitude toward one’s 
fic thought is expected to re-organize 
g those who know how to identify a 
rs are mixed. On the other hand, scien- 


; ae : À or written discussion. A false image of 
science Is given by exclusive reliance on textbooks. 

At all levels of learning, methods are inseparable from concepts even if the study plan only 
mentions one or other group of objectives. Scientifi 


method leads to valid knowledge, even for 
ose explanation levels which are thought 
more important to propose 


ten made to imp 
university k 


42 


Biological component of education at the primary and 
junior secondary levels 


statements which could explain the facts noticed at the level of a child’s logic, and to look for 
a new formulation when a new fact contradicts the previous statements. 

In a parallel way, ideas on the content and methods of biology have greatly evolved in 
pedagogical circles. 

In the majority of study plans of the 1950’s biology was still considered as a science of 
factual observations by contrast with physics which was claimed as an experimental discipline 
with a strong mathematical bias. As observation was habitually considered the only scientific 
operation available to the young child, biology was often the first scientific discipline taught. 
Teachers trained during this period were often lovers of nature, but their detailed analyses often 
lacked direction. Above all, classroom work predominated; science lecture rooms were often 
veritible museums overcrowded with collections of animals and plants and osteological spe- 
cimens. Morphological, anatomical and systematic studies were therefore emphasized and led 
to the memorization of an important vocabulary. Practical work was introduced in a fairly 
general manner but with closely defined programmes of work and as applications of the course. 
They accorded an important place to observational drawings. 

Since 1950, pedagogy has taken account of the slow evolution of biology at the research 
level. Owing to the development of physiology, of general biology and biochemistry, attention 
has focussed on the study of manifestations of life and its functions, on the action of environ- 
mental factors. This evolution has lead to a closer link with the physical sciences for two reas- 
ons: it has been necessary to rely on the concepts of physics to give a sufficiently precise or 
even general definition of functions such as respiration or nutrition in plants; biology so con- 
ceived, relies of. necessity on experimentation and measurements; it appears as an experimental 
science for the same reasons as physics. This marks a positive and probably irreversible change 
despite certain distortions at the level of the age category under consideration. 

On the one hand, the study of functions was made from a purely analytical and rather 
fastidious viewpoint. Students were not always prepared to ask the relationship between 
functions, the regulatory mechanisms, the unity of the organism. The precise study of the 
relationship of a species with its environment was often neglected. 

On the other hand, because of the predominance of biochemistry and molecular biology 
in university training, teachers were not always prepared to define the physiological functions 
(respiration, reproduction, etc.) in a concrete way, intelligible to young children, they imposed 
a physico-chemical interpretation, poorly understood, without overcoming the obstacles that the 
situations under study present to the interpretations of general biology; e.g. respiration was 
presented as the balance sheet of gas exchanges to children who were ignorant of oxygen and 
C02. 


These two difficulties can be solved provided that the notions taught at this level are not 


considered as a simple summary of what the teachers have learnt at a higher level. Meat 
More recently the development of ecology and technology have revalued the field disciplines 
without thereby eliminating the necessity for laboratory experiment. Several reasons account for 
the shortening of the usually considerable period of time which separates the re-organization of 
university studies from their effect in primary school classes: the cinema and television have 
stimulated interest in the study of animals in their natural habitat; the environmental crisis has 
drawn attention to the balance of nature; young children often ask questions about these 
problems. 
A renewed interest in the study of man, frequently neglected in the projects of the 1960’s, 
may also be noted. It is no longer a matter of physiological study allowing a comprehension of 
the rules of hygiene but of a global approach seeking out the interference of biological and social 
fac i N 
=e ae ae ecological vogue has also brought with it a few pedagogical illus- 
ions; schools have sometimes been submerged beneath a welter of documents of mediocre 
quality which have masked the fact that ecology, a discipline of synthesis, could not do without 
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precise analytical studies having a bearing on functions and behaviour. 


Evolution of the concept of relationships between science and society 
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organization of data from experiments instead of being limited to the training of specialists. 

Nevertheless, certain Eastern European countries give priority to the learning and mastering 

of the written language and of mathematics in order to avoid the accumulation of factual 

non-integrated knowledge. 

The liaison between the development of the sciences, economic progress and human happi- 
ness, was generally admitted about 1960; but in the course of the last decade this liaison has been 
more or less questioned for different reasons depending on the countries concerned: the relat- 
ionships between sciences and society are indeed more complex. 

In developing countries, the conflict between scientific thought and traditional culture has 
been closely analysed. It is not a question of denying the need for scientific training which con- 
veys a system of notions fundamental for development - the idea of an order in nature accessible 
to knowledge, and that of the power of man to transform it to his own advantage. Scien- 
tific training also helps in the mastery of the experimental method which alone provides the 
tools for prediction applicable to a new situation in continuous change, while empirical exper- 
ience, set rigidly by tradition, is based upon the observation of a static situation. But tradit- 
ional culture, under the guise of ritual practices, has achieved the intuitive synthesis of a great 
number of data which has allowed the group to survive. Not only must the scientist be able to 
recognize the positive aspects of this experience in order to be capable of conducting a dialogue 
and assuming rural animation, he must also have the humility to recognize that his knowledge, 
built on limited experience relative to other situations, has gaps and that there is always some- 
thing to learn from his environment. In more general terms, the school is not called upon to set 


up an enclosed milieu, resistant to all the contributions of traditional education, but a meeting 


place between generations and ways of thought. . k A 
This preoccupation has led numerous countries (French-speaking western Africa, New 


Guinea) to integrate biology training in a global approach to the environment which binds closely 
together natural science, social science and civic education. This is usually achieved by excursions 
and enquiries, but in an increasing number of countries the tendency is growing to make the 
children take part in work that is productive (Tunisia, Cuba), such work being considered as an 
assumption of responsibility and a source of experience (a point of view, moreover, shared by 
such industrialized nations as the German Democratic Republic). l 
In the developed countries, the crisis of industrial society has presented the aims of scien- 
tific training in a different manner, and sometimes even the objectivity of the sciences has been 
disputed. Two new questions arise in connexion with recent projects from the elementary school 
onwards: R , 
— How should the child be trained to grasp the immediate and more remote repercussions of 
individual or collective activity designed to maintain biological equilibrium, to manipulate 
the environment in a harmonious manner and to manage rationally the natural resources at 


global level? 


— How does one succeed in knowing man better in order to assure his survival and his well- 


being? In the present day he is threatened in developed countries more by the change in his 
way of life than by microbes. The crisis of values has led to the analysis of interference 
between biological and social factors in human behaviour (sexuality, place of the human 
species in the living world, origins of aggression, unity of the human species confronted with 
racial and cultural differences). The sciences are not asked to found a morality but to help 
with the object study of personal values and the understanding of different patterns of 
behaviour. = A 5 wie: P 
As in the course of the preceding period, biology training is centred on the capacity to 
analyse the problems posed by the environment, but attention is now focussed more on the 
responsibility of man, and the necessity, as well as the difficulty, of decision-making; there is 
not necessarily a single simple solution to all the problems (National Pedagogical Institute of 


Kiel, BSCS). 
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ipli if sti ona 
On the other hand, the concern to integrate disciplines, if still as chine tends ine ses vies 
less uniform shape than in the course of the preceding period: biology no longer app 


i idi i hysical 
simple component of the natural sciences but as the bridge providing a link between the phy 
sciences and human sciences. 


Evolution of ideas concerning the role of the school in the development of the child 


i the 
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during the first few years of scholarship, in order to develop the mastering of language and 
logical thought through mathematics. ‘An informal biological initiation can however take place 
through gardening and undertaking rearing activities. In other regions, the introduction of 
biology is advocated, not only to ensure the affective equilibrium of children in an urban envir- 
onment, and to enable them to understand the practical measures for hygiene taught in school, 
but also to effectively integrate scientific activities into their general development. Such an 
approach prevents failure due to verbal teaching far removed from the interests and experience 
of the children. Projects of this kind have the following characteristics: the development of the 
scientific attitude (curiosity, inquiry, creativity, self-confidence, etc.) is stressed and it is at this 
level that the child’s scientific thought is near to that of the researcher; the encouragement of an 
active build-up of knowledge, the child being allowed to express his own spontaneous concept- 
ions, which he can check through independent investigations, and discussion with other children. 

The preceding remarks show that the aims in biology teaching have considerably changed 
since 1950. It has ceased to be a second-rate discipline, a pleasant pastime of a jumble of knowl- 
edge with scant scope for reasoning. It has become a mature discipline, dealing with the most 
recent acquisitions of human thought, the mastery of the experimental method. It plays a major 
role in the development of the understanding of man, his physical and biological environment, 
his system of interpersonal relationships (Australian Science Education Project). But this change 
of aims implies a change in methods: science and psychology agree in rejecting a dogmatic teach- 
ing of knowledge, in favour of an approach where the pupils have effective autonomy, and 


actively participate in the build-up of their knowledge. 


THE PRESENT-DAY TEACHING OF BIOLOGY: 
PROBLEMS COMMON TO THE WHOLE RANGE OF LEVELS IN THIS STUDY 


Problems concerning the formulation and evolution of objectives 
Recent study plans are defined in general by tables of objectives, not by linear and mandatory 
programmes. This change has permitted flexibility in the curricula. It gives teachers an oppor- 
tunity to choose the subjects of study linked to the environment and the interests of the pupils, 
and it allows for the competence of teachers and the resources of the school, at the same time 
fulfilling the table of objectives (methods, techniques, basic concepts) common to the schools 
of the region. Moreover, while showing the complex network of relationships linking the object- 
ives, the table helps in their formulation and progressive organization, while the linear and 
closed curricula look like an unstructured body of knowledge without structure. — ; i 
The tables of objectives are very useful for teachers in classes where the children s activity 
is focussed on the solution of a problem. If the teacher wants to ensure that the pupils who are 
investigating in an autonomous way do not waste their time, he should know when and how to 
interfere with questions, suggestions, provision of material, etc. His decisions are influenced by 
implicit and explicit objectives. The choice of the teacher is easier if the feasible objectives ofa 
given project (a sample of germinating seeds, for example) are clearly presented to him. Some 
projects give very detailed lists (Sciences A A Scientific awareness activity in France) not to 
serve as imposed learning programmes, but as suggestions and possibilities for exploitation in an 


ee gl pear eer have helped define some important aims for the young pupil, 
such as the development of scientific attitudes, and have made it possible to take these into 
account in the evaluation process. This has encouraged the development of methods of object- 
ive observation of the children. With the aid of tables of criteria, teachers can follow the pro- 
gress made by the children in acquiring the scientific attitude and methods. It is not enough 


to establish a table of so-called rigorous objectives, i.e. in agreement with the data of sciences 
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and psychology, such tables should be manageable by the teachers and should be explained 
to the children in order to allow them to take charge of their own training. They should be 
understood by parents so that the school is not cut off from the cultural environment of the 
grown-ups. For all these reasons, teachers should be closely associated with the choice, estab- 
lishment and evaluation of objectives. , 
In many projects, non-cognitive objectives have been considered important: affective 
objectives, attitude objectives, general education objectives (APSP, different Nuffield pro- 
jects, projects of integrated science in Scotland, IPN Kiel, awakening activities in France). It is 
a matter either of specific objectives in biology, for example the concern for an affective or 
aesthetic encounter with living material before passing on to scientific work; the concern to 
avoid useless destruction and to ensure the well-being of the animals collected; and the concern 
to avoid environmental pollution; or of objectives relating to the scientific attitude in general: 
curiosity, creativity, critical thinking, finding out the answer to a question through personal 
investigation; or of general education objectives achieved via the scientific approach, e.g. active 
Co-operation, respect for the opinions of others and for the rules of communication, etc. These 
objectives are sometimes implied (Nuffield Junior Science and Combined Sciences, ESS) by the 


approach suggested to the teachers, or translated into indicators of behaviour forming a basis 
for evaluation. 


As regards cognitive objectives, the projects place emphasis either on methods (ASS, ESS, 
Nuffield Junior Science 5/13) or on concepts (SCIS, COPES, Kiel) or on both spheres. 
Dine | as no importance for the age category concerned. Every well-conducted 
Scientific approach leads to acquisition of knowledge, or conversely the basic concepts in sciences 
cannot be understood without the method which makes them meaningful and effective. But on 
agogical practice, polarization on to a single family of objectives may 
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cognitive objectives instead of being defined by training which resembles a form of cond- 

itioning. 

Too often practical knowledge is only controlled by theoretical trials and not on the occ- 
asion of activities practised in an appropriately responsible fashion in a concrete situation requ- 


iring reflection and decision. 


Problems concerning methods 


Biological initiation involves not only lectures with demonstrations by the teacher, but also 
practical work, field work and documentary research. 


Co-ordination of field studies, laboratory work and documentary research in scientific training 


Most study plans recommend excursions, studies on the spot, enquiries among agriculturalists, 
forest managers, health services, visits to museums and zoological parks; sometimes the children 
devote themselves to some productive work, as has already been indicated. Field studies seek 
to react against the verbal and artificial nature of the school situation. They create for the class 
as a whole a common experience which facilitates the active participation of all the children. 
Placed at the beginning of a theme-study it is possible thereby to pass progressively to the form- 
ulation of one or more problems starting from enquiries provoked by the contact with a situation 
which is real, complex and already grasped globally (cf. Symposium of Dakar, 1975). The return 
of the environment at the end of a theme enables children to grasp the role of learnt material 
in the taking of decisions, and the interference of such material with other factors, economic 
and social. The child understands that knowledge is not to be recited, but used to transform the 


environment. A Pee 

Field studies in general do not suffice to define a scientific approach. The simple editing of 
replies to an enquiry questionnaire constitutes a fruitful activity for training in the written lang- 
uage but not a scientific exercise. If the child remains on a descriptive level without separating 
the variables and establishing genuine casual relationships by comparative observations and exper- 


imentation, he simply accumulates technical recipes but does not achieve a structured scien- 
; 


tific thought. 


Field excursions are more difficult in urban environments, in particular for administrative 


or financial reasons. Certain projects do not mention them. But is it advisable always to work 
on simplified situations where the interference of biological and human factors cannot be 
directly grasped? More recently, nature and marine classes have been particularly developed 
for children in an urban environment. They can be very fruitful, for the reference to two envir- 
onments which are totally different hastens the awareness of problems. Yet there exist few 
documents relative to their exploitation throughout the school year suitable for the scientific 
traini i 
ey fe recommended by all study plans. Despite the efforts made in connexion 
with apparatus and training, this type of work cannot always take place in certain schools. 
Would not the desirability of providing laboratory work for all the children of secondary 
schools constitute an objective requiring top priority? It is necessary to state that practical 
exercises are not defined by the equipment available in a given place or the complexity of this 
equipment, but by the effective possibility of observing and manipulating individually or in 
small groups. In this area the school garden can extend the classroom as a place for experiment. 
The form of practical work has considerably evolved since 1950. It was formerly con- 
sidered as an application of the lesson and devoted largely to technical learning skills and to 
observational drawings; very precise written directions narrowly limited the pupil s initiative. 
In certain countries, practical work continues to be considered as an application of the lesson 
taught, but it requires from the pupils an effort in analysis and logical reasoning in order to 
apply learnt skills to new situations. However, the generalization of the method of discovery 
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between 6 and 12 years by most teachers except Ausubel, who considers that this approach 

wastes too much time, a conclusion which seems to be shared by certain East European educ- 

ators. The arguments for and against the method of discovery cannot be presented here, but it 
is useful to make some practical remarks: 

— There is a close relationship between the hierarchy of proposed objectives and the choice 
of the educational method. If priority is given to the acquisition of a scientific attitude, 
to the mastering of the experimental method, to the development of self-learning capacity, 
it is necessary to allow the child himself to formulate the problems starting from real sit- 
uations and to allow him effectively to investigate. On the other hand, if priority is given 
to avoid random search by the child and to provide him with suitable material conceived 
for the acquisition of a particular concept. Then one deals with the transfer of acquired 
knowledge to complex situations. But whatever the priorities, it is impossible, for this 
age category, to avoid need for a period of autonomy when the teacher listens to the 
child and helps him express himself, nor the necessity for a period devoted to the organiz- 
ation of the knowledge acquired, even when there is no programme of imposed knowledge. 

— There is often a substantial gap between pedagogy as described in the projects and as act- 
ually applied in the classrooms. Most teachers need work tools: guides, suggestions for 
research, design and use of equipment. Without adequate training and self-confidence, 
many teachers abandon a flexible approach which takes into account the questions and the 
real thoughts of the children. They stick to the questions asked by the book, and only take 
notice of the answers made by the pupils when they are foreseen by the guides. They finally 
resort to dogmatic teaching, wrongly called active discovery - centred teaching. 

— The revision of biology teaching is linked less to the intrinsic quality of the projects than 
to the effort of educational activity and of the training of teachers which goes along with 
the establishment of a new project. Through team work, teachers can help one another 
and also be external observers in the classroom of a colleague, using, if possible, recording 
techniques (tape recorder or magnetoscope) and grids allowing an objective analysis of 
classroom situations. On the other hand, the extension of a project needs the continued 

ne project authors do not disseminate work sheets and equip- 


instruction of the teachers. Some pr c tc 
ment to those teachers who are not integrated into a training network. 


The training of teachers 


This crucial problem will Dr 
chapter on ‘Developments in the training ar 


be only briefly dealt with here, as it is examined in detail in the 
ad retraining of school biology teachers’. 


Training of teachers and educational research 

In spite of considerable expenditure during the last ten years, only 30 per cent of primary 
school teachers have adopted the new science curricula in the United States. A considerable 
amount of time can be saved by securing the effective participation of teachers. Not only is 
rejection avoided (as the causes for resistance to innovation are discovered during the research 
process), but benefit is derived from the creativity of the teachers which has been often under- 


estimated. Teacher training centres tend to become active centres of pedagogical research. 


Initial training of teachers 

Stress is often laid on the fact that the level of scientific training is low amongst students 
entering the teacher training centres. To improve this situation, it is not necessary to increase 
the number of biology courses; but rather to react against the dogmatic nature of the training 
and the lack of initiative required in the course of study. With such an approach, future teachers 
become accustomed to solving problems through personal research, team work and the accept- 
ance of full responsibility, all of which develop self-confidence and scientific attitudes. It is 
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i i dent 
problem. One can also help by reducing the importance of theoretical courses which the stu 
cannot use in daily practice. 


The re-training of teachers 


i id 
The continuous training or re-training of teachers has been underlined sii a 
evolution of biology and the needs of society. Two aspects have been genera a we aie ee 
necessity for active participation by teachers (in workshops, as in the ESS proje intaran 
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inee’s cle ther cases, 
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The facilities required 


Classroom and scientific equipment 


" y in 
See the chapter on ‘The impact of new instructional equipment and educational technology 
the process of teaching biology’. Two problems arise in this connexion: ; nandi ie 
— Does the change in teaching methods require a change in the architectural design < 
furnishing of the laboratories? 


— Ow can one achieve a minimum quantity of apparatus with restricted resources? ‘oalawiorle 
The traditional approach makes a distinction between lecture theatres and practica eae 
rooms. The rooms were Specialized according to their functions and their organization ia of 
rigid. The new trends imply the buil ing of rooms suited to integrated teaching and capable 
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to the material. The newly appointed biologist, however, also needs information on the local 
environment and relevant documents, of limited circulation, are much more difficult to obtain, 
even though indispensable. It is necessary to provide information on practical experiments 
guides to pedagogical resources produced by teams of teachers, centralization of information 
in documentary centres to which teachers have access, etc.). 


Documentation for pupils 

The textbook, even when wisely used, is inadequate for the specific needs of the new pedagogy 
in biology. It is often replaced in new projects by an exercise booklet: different textbooks are 
therefore at the disposal of pupils in the class library. 

Group work presupposes the production of specific documentation (technical or docum- 
entary sheets, taxonomic booklets) which are not always available commercially. On the other 
hand, nature books and encyclopaedia often enable information to be found for answering 
questions when the results of observation or experiment call for complementary information. 
Some projects put self-evaluation files at the disposal of pupils (France: pilot junior secondary 
schools). 

Audio-visual aids 


The role of these audio 
Situation with a view to an ( 
documents are used increasingly by teachers, especiall 


-visual aids is diverse: to increase awareness, simulation of an experimental 
alysis, complementary information, evaluation. A number of open 
y slides and films. 


PROBLEMS SPECIFIC TO CERTAIN LEVELS 
Biology at primary level 
Objectives 


biology must be closely integrated to general education: contributing 
"s interests, facilitating his incorporation into society, ensuring 
d rational thought, contributing to the learning of methods of 
tivities should help the learning of supporting disciplines 


More than at other levels, 
to the awakening of the child 
the balance between feeling and | 
work. At the same time, scientific ac 
(written language and mathematics). 
The form in which biology is introduced into the study plans 
Biology as such does not necessarily appear on the school timetables. Whenever a school activity 
bears on a situation involving living things and leads, at least incidentally, to scientific explan- 
ation, it is regarded as an introduction to biology, even when the exercise is primarily directed 
towards other objectives. The place of biology, in study plans can take various forms: 
— In some countries, the German Democratic Republic, for example, the elementary school 
is devoted solely to fundamental learning skills. Yet the practical skills (gardening, for 
example) allow for the development of an experience common to all children which can later 


be used in biology. 


= In other countries (India, Afghanistan, Tunisia, USSR), the accent is laid on practical ob- 


jecti i ‘culture, environmental protection). 
5A apl y biology is part of scientific instruction, which is directed towards 
methodological objectives and eventually towards the learning of basic concepts. The 
advances are centred on the solution to a problem and aim at developing, in the first place, 
a scientific attitude (ASS, ESS, SCIS, COPES, BSCS, Nuffield J.Sc., Science 5/13, APSP, 
20 countries in Africa, Indonesia, Japan, Philippines, New Guinea, 


and its adaptations to - s 
‘Activites T eveil’ in France). Whatever they may be called, one can classify them under 


the heading ‘integrated teaching of the natural sciences’. 
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> F ‘ y 

— Integration extends to the human sciences in a certain number of Projects seiner A 

of the environment’ (most French-speaking countries of western Africa) or aes ciel 

al study’ (Burma). These projects were first inspired by the concern to prepare hey a 

extension work and to ensure the cohesion of the nation, but in their = p benir 

beyond the concern for social integration and place the accent on the se e 

rational thought, which implies access to scientific thought defined by a AAE N or" 

ological and conceptual objectives; a requirement that is not opposed to the 

the global view. ne MERNE. TA 

— a study plans (Scientific awareness activities in France, ‘Activites d eveil ) aed 

ted the removal of the frontiers between the disciplines in order to give =r fer ens 

eral educational objectives. But it has appeared categorically in the course a the A iS 

years that general objectives can only be achieved for subjects taken in the dng im sin 

ment of the child if certain objectives specific to biology are achieved at the A spt 
The scientific timetable has a very variable place in the weekly schedule (5 to 1 p 


i : ‘ > iology is 
of the total hours in the 4th to the 6th year for Asian countries): the part devoted to bi 
rarely specified. 


Finally, the follo 


mee of an 
— The desire to give Priority to general educational objectives has led to the advocacy 
active method centred on the solution to 


3 i roach. 
ment; the practical objectives and knowledge are seen as spin-offs from this app 
Biology appears more and 


; ils and 
€m, an adaptation of the lesson to the interests of the pupils 


chievement of a biology trainin 
to evaluation, 


Introduction to biology 


and associated learning skills: reading, writing and mathematics 


i K v age t 
© support of the e Spoken in the home environment. Scientific though 


language, but equally it cannot do without thè 
© spoken language. During the scientific exercise, 
© a change of language. In order to bring 


3 - i p 
: «4, Peaking western African countries have pos 
saenu until the third school year 
: lology at th $ ired a new 
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“r understanding of man in his ‘oe 
ude e linguisti atical learnin 
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explorations, physical exercises, rearing 
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of living beings, technical activities). However, this is only possible if the teacher is capable of 
directing the spontaneous activities of the children towards an analytical and reflective effort 


which allows the mastery of educational objectives. 
Junior-level secondary education 


The problems peculiar to biology teaching for this age group differ greatly from one country 
to another and according to the channels pupils follow when these are distinct. Do the children 
follow an instructional course involving a general culture common to all, or are they orientated 
into separate sections or channels, having different study plans? Do these pupils follow a long 
curriculum, or are they prepared within a shorter period for a practical skill? 

Scientific instruction occupies from 2 to 6 hours and represents an average of 10 to 12 per 
cent of the weekly timetable. The hours devoted to biology seem to represent 40 to 50 per cent 
of the total. 

Contribution of biology to the achievement of the general objectives of junior-level secondary 
education 


The specific objectives of biology already analysed cannot by themselves determine the contents 
of the curricula. The contents and the form of biology education are determined by the aims of 
the school at this level. This aspect was long neglected but is now of increasing importance in 
projects. ; : h 

Contribution of biology to a continuous and progressive orientation. The orientation of 
pupils destined for extended study is too often reduced to selection on the basis of purely verbal 
criteria or in part on their performance in mathematics. Biology can help towards an orientation 
based on positive criteria. Instruction in this discipline on the basis of active methods makes it 
Possible to bring out the importance of the qualities of observation, critical judgment, creative 
imagination, initiative, self-confidence, and mastery of logical thought in exercises which are not 
purely verbal. Often teachers experience difficulty in objectively distinguishing these abilities. 
Modern research aims at perfecting indicator grids in order to assist teachers (Progress in science 
learning; pilot secondary schools in France). a ; ; 

Establishing conditions which facilitate training. After the compulsory period of schooling, 
biological information in a systematic form is given only toa small number of specialists. For 
the greater number, further education is limited to information conveyed by the press and the 
other mass-media. How is this flow of information to be critically received and compared with 
Personal experience so as to reorganize the conceptual network? It is not enough to master the 
techniques of information: life-long education is primarily of benefit to those who have mastered 
experimental thought and who have organized their knowledge within a structure. 

A great number of projects (CESIP, BSCS, Kiel) try to adapt to the needs of pre-adolescents 
and answer their everyday problems by encouraging discussions stemming from an objective 
analysis of the data (environment, pollution, sexuality, drugs). Effective participation in public 
activities, which is fundamental in a democracy, not only calls for knowledge, but should also 


make possible discussions with experts about experimental hypotheses and models. 


Contents, methods and mode of integration of the discipline 


of biology be adapted to the abilities of the pupils? When different streams 

s for biology education may often be observed: 

teaching has a clear conceptual and verbal orientation. In certain 
countries (Italy) biology (not botany and zoology) teaching has only recently been intro- 
duced. There is a tendency to teach scientific disciplines separately. ; l l 

~ In short-study streams, teaching is of a more concrete character (professional orientation). 


Should the teaching E 
exist, the following specification 
~ In the long-study streams, 
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It is sometimes given in the form of rela Pd which leave insufficient opportunity 
iti is of problems and decision-taking. ; : i X 
: S ada be observed to reduce these differences: in an eip e 
of countries, children who attend the junior-level secondary schools are not separ 
inct streams, but in this case individualization of teaching is promoted. oe ee ee 
Problems specific to the junior level, concerning contents and B no pn ethel E 
greater unity of content and method than for the elementary cycle. 2 of man CEN Kil, 
pointed out that certain recent curricula allot an important role to the study 
BSCS) while human biology was often dealt with later on. ; 
Methods. ‘It seems that to educate the youngest children, 


it wi i ing to 

is to sharpen their curiosity and their open-mindedness... Subsequently, fo on a te Copal 

bring the pupils together or make them build an organized network fe) T E gee ane 

of Europe). This conception seems to be generally shared in recent curricula, bu 
assumes that the teachers will be given sufficient help. ; 

Presentation of study plans. There are three types of presentation: 


i r too 

Certain curricula are limited to an enumeration of study subjects. They are D 

restrictive at the level of contents (study of the cat, of the bat, of a flowering p ts). They 
and too vague as regards the objectives to be achieved (methods and basic concepts). 

therefore encourage the teaching of factual knowledge. , iences) are 

= Other study plans (e.g. Nuffield projects, the Scottish project of integrated scien suchi 

presented in the form of modules centred upon a conceptual area, but conceived in e 

way as to favour an approach which focusses on the solution of a problem and pron m to 
access to the experimental method. In principle, these modules leave a certain freedo 


oted 
teachers and pupils. Moreover, they do not always cover the total number of hours dev 
to the subject, and therefore allow 


Study plans by module are widespre 
mastery of the experimental metho 
while Preoccupation with content i 


however, regret that the modules 
environment, 


the most important approach 
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RECOMMENDATIONS 
Recommendations on school organization and means 


Because of the evolution of educational aims, it is desirable that biological training should take 
place at all levels, whatever, the form in which it is presented in the study plans. It is desirable 
that at least part of the teaching be done in the form of practical work and that this requirement 
should be systematically taken into account in plans for equipment of schools. 

All children from an urban environment should have some contact with nature in the form 
of excursion or nature classes and subsequently through management of the school environment. 


Recommendations on the elaboration of school curricula and pedagogical research 


It is desirable that no study plan should be imposed without pedagogical research and the part- 
icipation of the teachers; that the curricula should take account of the availability of equipment 
and of the training of teachers in order to avoid a return to dogmatic teaching. Teachers should 
closely involved at all stages of pedagogical research. There should bea link between pedagogical 
experimentation and the training of teachers in order to avoid the rejection when otherwise well 
conceived projects are published. Pedagogical research must rely on innovation by teachers. 

It is desirable that more attention should be paid to the concrete study of classroom sit- 
uations, to the analysis of obstacles to the dissemination of a project, and to the reactions of 
t i ‘acing innovations. 
o kapit lins should be drawn up in order to ensure the flexibility implied 
by the discovery method, with a view to allowing adaptation to the local situations, and to 
facilitate interdisciplinary study. The objectives must not be limited toa declaration of good 
intentions. It is necessary to express them clearly in relation to the child’s development. 

It is desirable that the various modes of integrating biology at the different levels be com- 
pared so that this integration allows for effective achievement of the objectives of biology. 


Recommendations on pedagogical improvement and the training of teachers 
he multiplication of pedagogical teams, and to give them an effect- 


It is desirable to encourage tl : x 
| innovation, the adaptation of curricula, in-service training, the use 


ive role to play in pedagogica 


and the fabrication of pedagogical aids. , eae : i 
It is desirable to supply teachers with pedagogical aids in a form which will make an appeal 


to their creativity and critical sense, and which will encourage team decision-taking. The pub- 
lication of documents concerning the local environment should also be increased. 

The training of teachers should be centred on the capacity to solve problems, to grasp 
the interaction of biological and social factors in the environment and to develop the analysis of 


Pedagogical relationships by referring to the precise objectives of biology which should not be 


confined to a mere discourse OF lecture. 
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have seen an unprecedented production of new courses in school 
d as part of a process of educational change in which the school 
wideranging variety of systematic innovations. In parallel to, and 
often closely associated with, reform of subject matter came the introduction of new ways of 
teaching and learning and new forms of curriculum materials. It is the intensity and variety of 
innovation that made this period unique and it reflected a considerable change in the philosophy 
of many people concerned with education. , 

The basic realignment of thought was the acceptance that radical and quick change was 
needed. Syllabuses and teaching and learning methods were seen as out-of-date, irrelevant and 
inefficient. Coupled to this was acceptance of the fact that the curriculum would need to be 
subjected to continuous change as, for example, scientific knowledge and social needs altered. 
This sense of urgency was tempered by a desire to ensure that innovations were of adequate 
quality and, for this, systems of organized and evaluated curriculum development were estab- 
lished, usually on a national scale. The curriculum development projects are the most obvious 
examples of these, but developments within the normal structures of education systems, for 
example those initiated by examination bodies, also reflected this concern, as did the setting up 
of special curriculum development units in ministries, of education universities and other inst- 


The last fifteen years or SO 
biology throughout the worl 
curriculum was subject to a 
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itutions. Towards the end of the period, an additional concern can be detected: 
which an education system and the people in it can cope with the demands 
innovation. Problems concerned with the im 
significance. In particular, 
curriculum innovation. 


the degree to 
of extensive 
plementation of innovation are gaining greater 
it is being suggested that teachers should play a more central role in 


IMPORTED INNOVATION 


Although unique social, economic and scientific factors within individual countries have 
influenced developments in this period, few of the biology courses produced can be said to a 
genuinely endemic. Many of the ideas and even materials found in most of the new courses e 
been imported from a few countries such as the United States, the United Kingdom, France an 
the USSR. As regards secondary biological education, the greatest influence has probably been 
the Biological Sciences Curriculum Study BSCS in the United States (started in 1959). It set a 
pattern of development and design which has acted as a stimulus to both imitation and reaction 
in respect of curriculum development in many countries, To date some sixty countries have 
adapted or are adapting BSCS materials. The same can be said of the Nuffield Biology projects 
in the United Kingdom (begun in 1962 and now used in some form in a number of countries), 
and of activities stemming from a few other countries although these mainly post-dated BSC 
while most were influenced, in part at least, by BSCS. 
The use of such imported curriculum innovations had several advantages: 
— atthe time it Provided ideas and materials which some countries could not produce them- 
Selves because of their lack of appropriately training personnel; i 
it provided models of new courses which could be used in the training of future curriculum 
developers; 
it limited the need for curriculum d 
financial resources to be used for 
innovation; 
— it reduced the tim 
Importing the innovati 


evelopment work ina country and so enabled restiioted 
teachers training and other means of disseminating th 
e needed for cha 


on also had disadvantages: 
a nation’s social needs wer: ale 
3 i € not always catere in i icula; 
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-= e leve 
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different nature. It will need to relate to the different associations of countries that have evolved 
in recent years, the greater equality of political status that exists between countries and the 
independence of their education systems. 


FORMS OF INTERNATIONAL! CURRICULUM DEVELOPMENT 


It is possible to distinguish two main ways in which international activity has been used as regards 
curriculum development in biology. The first involves developments within individual countries 
which are assisted by personnel from abroad. This is the case when a foreign course is adapted 
for use in a country. Invariably national personnel are sent abroad for training and consultants 
from other countries are used to assist the work of development. Israel is an example of a 
country with considerable experience of adapting foreign courses in biology and allied subjects. 
In countries such as Thailand and Sri Lanka, a similar procedure has been used to develop 
indigenous biology courses. bei , LE 

The second form of international activity involves several countries participating on the 
basis of an equal commitment. For example, regional groups of countries have produced ‘model’ 
courses or materials which are intended to act as a guide for future curriculum development in 
the participating countries. The Unesco Pilot project for the improvement of biology teaching in 
Africa was of this nature. The project had three phases. The first involved the formation of 
national study groups in each of the participating countries in order to determine their needs 
in biological education. The second phase commenced in 1967 and involved participants from 
most of the English-speaking African countries. They were based for ten months at Cape Coast 
in Ghana, With the assistance of consultants with experience in curriculum development and in 
biological research and its applications, the team designed a biology course for the lower second- 
ary school and produced pupils’ texts, teachers’ guides and visual aids for the course. The third 
phase also took one year but was organized somewhat differently. It consisted of four two- 
month workshops in the Ivory Coast, Madagascar, Morocco and Cameroon, each involving a 
different group of participants from French speaking African countries and also consultants. 
Resource books for teachers and visual aids were prepared, covering topics - tropical ecology, 
plant physiology, human biology and conservation - appropriate to the later years of secondary 
education. The materials produced by the project have been made available in both French and 
English and distributed to African countries and elsewhere. In a few countries, the materials 
have been used directly in some of the schools but, more typically, they have contributed to 
indigenous developments by producing ideas and models for the design of courses and mater- 
ials. At the same time, the participants in the project acquired considerable experience in 
curriculum development and, on returning to their own countries, were able to contribute 
na," pany Ee ait for biology teaching initiated by the Arab League Educat- 
ional Calul eT Scientific Organization (ALECSO) has similar objectives as the Unesco 
project but has based its work on a series of short (1-2 weeks) workshops at which participants 
from Arab countries, with the help of consultants from other countries, have established guide- 
lines for courses Pupils’ texts and teachers’ guides are written by the participants about their 
Own countries and scrutinized at subsequent ALECSO meetings. The course materials are then 
distributed to the contributing countries to be used on an experimental basis and adapted to 


local resources and conditions. 


pouring schools and their immediate surroundings. Area refers to a large portion of a 
count: ith relatively uniform social and environmental conditions. The term national refers to the whole of a country. 
Titernsioea ee aaaea association of two or more countries. Regional refers to a group of countries which are geog- 
raphically close and usually similar in their political, social or environmental characteristics. 


1. Local refers to a group of neigh 
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In East Africa there has been a third variation of this co-operative mode of development. 
The three countries, Kenya, Uganda and Tanzania, with support from the Centre for Educat- 
ional Development Overseas in the United Kingdom have contributed jointly to the develop- 
ment of a secondary biology course by each taking responsibility for an age group. Tanzania 
was concerned with the early secondary years, the other countries with courses for the older 
pupils. Joint planning meetings were held but the development of each part of the course was 
confined to a single country. The completed materials of one country were distributed to the 
other two for experimental use and adoption. 

The virtues of regional co-operation in curriculum development are that: 

— it avoids undue duplication of national efforts and enables limited resources of expertise 
to be more widely used; at the same time it enables each country to contribute directly 
to the developments; 

— the careful scrutiny of ideas and materials by the internation team can provide a means of 
enhancing the quality of the work; 

— the participants in a regional project can also play a significant role in the subsequent 
implementation of courses in their own countries by conducting in-service courses for 
teachers and other activities. 

Such regional activities have also taken place in the West Indies, South America, Asia and other 

areas. In some regions, co-operation between countries has resulted from their sharing a common 

examination system as is the case with the West African countries of Ghana, Nigeria, Sierra 

Leone and Gambia. 

There appears to have been little study of the effectiveness of regional co-operative act- 
ivities in curriculum development and a balanced appraisal of time would be most valuable for 
future planning. It is likely, however, that the most important factor for success is the level of 
commitment for participation by individual countries which requires that they have similar social, 
political and environmental characteristics, and consequently similar educational needs and 
objectives. There must also be adequate support for the subsequent adaptation of the course to 
meet more specific national, area and local needs, and for the day-to-day use of the courses 
in the schools of the Participating countries. With these provisos, there is little doubt that in 


many parts of the world regional curriculum development has made and can still make a signi- 
ficant contribution to progress. 


DEVELOPMENT AND IMPLEMENTATION! 


eet res that have undertaken curriculum development in the period under review the 
more of school the ee changes aiming to reform complete courses covering a year or 
curriculum develong 2e introduction of each new course being a unique event. The model of 
type. Courses ele a paployed was that which is usually referred to as the centre-periphery 
and disseminated to a be by a relatively small, select group of ‘experts’ (at the ‘centre’) 
faithfully. This model es wi (at the ‘periphery’) where they were expected to be implemented 
on a temporary basis te Le by most of the curriculum development projects established 
found in some countries ae R typically used by the permanent curriculum development units 
and examinations and su fess y examination bodies which innovate through changing syllabuses 
etc., b i Su oseguentiy provoking the development of new textbooks, equipment 
m 7 oe or governmental suppliers, p 
e 
model pe Ree WAS based On a research, development and diffusion (R, D and D) 
nnovation involving a systematic and centrally-planned series of pilot 


studies, field testing and evaluation follow i i 
l 5 d ed inati i 
with the curriculum development projects. Py iai Di wa iadi 


1. See the chapter on ‘Curriculum evaluation and dissemination,’ 


62 


The development and design of new courses 


In a number of countries with experience of using these models for development, there has 
latterly been a growing awareness that while their use can improve the quality of the objectives 
of a course and the curriculum materials to be used in it, they do not necessarily result in 
improved practice in schools. A teacher’s lack of commitment can result in the inadequate 
implementation of a course and this can be aggravated by deficiencies in in-service training and 
other aspects of dissemination. It is argued that because the circumstances of schools are highly 
variable and teachers’ teaching tactics and style are so individualized, it is not possible for a 
centrally produced course to cater for the range of circumstances in which the materials will be 
used. There are also misgivings because the R, D and D mode of development has resulted in 
much slower innovation than anticipated (for example, it has often taken at least five years 
before materials are available outside the trial schools) and it appears to be unable to respond 
to continuous change and a variety of needs. Whilst it may be true that in the 1960s biological 
education was so out-of-date that large scale reform was needed, today a continuous process 
of development responsive to small, but frequent, change is considered to be more appropriate. 

Such reactions to the curriculum development of the 1960s has led to proposals and some 
activity concerned with local-based and school-based forms of curriculum development, coupled 
with the provision of a variety of support systems, such as participatory workshops, expert 
consultants (change agents) and resource centres. 


The teacher and development 


Curriculum development is essentially a transaction between those that develop a unit of the 
curriculum and the teachers who implement it. There are thus two basic models of curriculum 
s y OD and implementers are different groups of people (specialist development); 
— when developers and implementers are the same people (teacher development). M 
In the first model, developers require support in terms of expertise, time and facilities for pub- 
lishing, equipment construction etc. The teachers require support in terms of communication 
(dissemination) and training related to the innovation, together with provision of the new mat- 
erials they need to use. In the second model, the need for dissemination and training is eliminated 
but more people require support for development and it assumes that teachers have the ability 
and experience required for development work. : | 

The concept of teacher development does not imply that a teacher works in isolation. 
Whilst it has individualistic aspects enabling each teacher to meet his or her own unique require- 
ments (which is inevitable whatever mode of curriculum development is utilized) essentially 
teacher development is envisaged as an interactive and co-operative process in which group 
activities are predominant. : ; 

Whether or not there is any economic advantage for either m 
It is usually assumed that the specialist development model is c 
in several countries suggests that the dissemination and in 
it adequately is far more costly than was anticipated. A re 
teacher development could be devised which, in terms of 
than specialist development. f 

Whether or not there is more expenditure of a teac 
compared with that necessary for the in-service training, 
entation of specialist development is also open to debate 
that teacher development is no less economical. If a 
likely that teacher development and specialist develop 

The value of teacher development can be 
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of course, is likely to be true for the production of films and other specialized materials, but 
for biology courses, teacher-produced materials such as work sheets, preparations and collect- 
ions of local organisms related to the environment can not only be adequate but more relevant. 
There is thus a great deal of development that teachers will be capable of undertaking. Further- 
more the activity of development by teachers adds to their self-education and can have a more 
general beneficial influence on their teaching. 

Teacher development requires that sufficient training in the methodology of curriculum 
development takes place in pre-service teacher education and that development work is accepted 
as part of a teacher’s professional role (see the chapter on ‘Developments in the training and 
retraining of school biology teachers’). 

Two strategies of teacher development are offered here for discussion. Others could be 
suggested. 

Self-contained development involves teachers fully in the curriculum development process 
of devising materials and teaching and learning strategies, trying them out and producing effect- 
ive products. The work could be undertaken co-operatively by groups of teachers with similar 
needs and based on a curriculum resource unit in a large school or a local teachers’ centre. 
This would provide the teachers with the physical resources and ancillary help required for 
producing worksheets, audio-visual aids, collections of organisms, etc. 

This strategy assumes a relatively high level of competence on the part of the teachers but 
it can be a form of self-education in which the teachers learn by doing. It can develop a real 
sense of professional achievement among teachers. P 

Supported development requires that teachers be responsible for devising teaching and 
learning strategies but only outlines and drafts of materials. They work as individuals or in 
groups depending on their needs and the topic being developed. A local curriculum resource 
unit would not be required since the teachers meet in schools. However, their drafts and out- 
lines are sent to area resource centres where teams of people with expertise in educational 
oa the production of curriculum materials produce the final materials for the local 

the are does not assume a high level of competence in curriculum development on 
jects. Its suc eacher and, in fact, has been employed by some curriculum development pro- 

À cess depends on the area experts having close contact with schools. 


Support for teacher development 


The i SA : 

HEE a he ke required for teacher development are similar to, though not necessarily as 
Teprography (printing a in curriculum development projects. Essentially they should cover 
etc.), laboratory and r oe duplicating, etc.), illustration (graphics, audio-visual aids, 
preparation etc.) and tt mi (for the production of equipment, models, microscopical 
centre, a teachers’ centre TE or organisms. These facilities can be based at an area resource 
can specialize in the provision ared among local schools. In the latter case, teachers in a school 
responsible for illu n and use of one of the facilities: for example, one school could be 
expertise can be shared. Technical and sarat a P tims and so eaa e 
ideas-bank. This would include files of exercises for class- 
> equipment, test questions and answers etc. An ideas bank 


can be built up over a period of ti 
Be r ime. However, it i ically with an 
effective, but not necessarily sophisticated, storage dey koe sand E 


Where teacher : 
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(or group of teachers) to colin ered change-agents’, who feed ideas from one teacher 
such as specialist journals SR pick 4B and Pass on ideas from a variety of other sources 

i > Universities and international bodies, and informally stimulate the 
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development activities of teachers and, where necessary, deal with bureaucratic and other 
obstacles they encounter. The value of change agents depends very much on their personal 
qualities. In some countries advisers or inspectors and staff in colleges of education and univer- 
sities act in this capacity and, in a few cases, teachers act as part-time change agents. Personnel 
attached to teachers’ centres or area resource centres may also be used. Experience suggests that 
to be effective a change agent should not be too closely linked with either educational authority 
or a formal administrative structure. It is probably best that these change-agents be on temporary 
appointment so as to make it easier to employ new people in order to introduce new ideas and 
regenerate enthusiasm. Change-agents can provide a link between educational research and other 
expertise and the teachers. Whether or not they should monitor teacher development and thus 
act in an inspectorial capacity is open to question. Possibly this is best done by people more 
closely linked to the educational administration. Change-agents have been found to be important 
for the effective dissemination of centrally produced curriculum innovation and, thus, in many 
countries the introduction of teacher development would merely mean a reorientation of the 
work of advisers, teacher leaders etc., rather than the formation of a new cadre of change-agents. 


Teacher development and national examinations 


Whether or not adequate teacher development can occur in a system dominated by highly struc- 
tured examinations is doubtful. However, the experience of the Certificate of Secondary Educ- 
ation system in the United Kingdom suggests that it is possible to combine a system of national 
or area examinations with teacher development. (see the chapter on ‘Trends in techniques and 
criteria used in assessing student achievement’). 

Three modes of examination are offered. For Mode 1 the syllabus and examination is set 
externally by the Examination Board. However, in Mode 2 the syllabus is determined by the 
school while the Board does the examining, and in Mode 3 a school is responsible for both the 
syllabus and the examination for which the Board acts as a moderator. Mode 2 and 3 thus offer 
considerable opportunity for teacher development. 


Teachers’ professional organizations 


In many countries, organizations of science and/or biology teachers offer facilities through their 
meetings and journals (and sometimes through their links with national or regional curriculum 
bodies) for disseminating information about biological education and enable teachers to play a 
part in formulating policies concerned with their teaching. With teacher development these 
activities would be more directly valuable to teachers and could be extended. The organizations 
can also act in co-ordinating and possibly monitoring roles. 


Experimental schools 


In some countries a small number of schools have been nominated as experimental schools in 
which curriculum development takes place. Sometimes professional curriculum developers are 
employed but essentially it is a form of teacher development and it is argued that this form can 
combine the advantages of teacher development and those of a curriculum development project. 
Thus it is economical of resources, both manpower and physical facilities. It also allows a high 
level of radical but controlled innovation to take place without the danger of any errors affecting 
a large population of pupils. However, there are disadvantages. An experimental school has 
typical conditions in that it is treated in a special way and inevitably has additional resources. 
Thus the transfer of an innovation from an experimental to a normal school can present diffi- 
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culties. When a few schools are designated as experimental this can remove the incentive for 
innovation from other schools. In several countries there is evidence that experimental schools 
tend to become isolated and dissemination of innovation from them to other schools is inad- 
equate. 


Teacher development and out-of-school resources 


An interesting feature of curriculum development in some countries is the combination of teacher 
development with local activities. Innovation involving work in zoos, botanical gardens, health 
centres, farms, conservation areas, etc., has added a valuable and particularly relevant element 
to biological education. For this teachers work with personnel in other areas in designing mater- 
ials and activities for pupils. Where relevant, parallel or linked schemes with adult or parent 
education can also be of value. Seen in its full context, teacher development implies a greater 
realisation of the potential of the individual teacher and a more intense use of educational and 
community resources. It offers a means of establishing and extending the degree of collaboration 
between biology teachers and other people from a variety of backgrounds and with a variety of 
interests. This can be of value in broadening the perspectives through which teachers view their 
work and also in ralsing the teachers’ professional standing. 


Some reservations 


In discussing the arguments for teacher-based curriculum development it is important not to 
ignore the fact that centre-periphery modes of development have some relative advantages for 
biological education. They can offer a more controlled use of expertise which is particularly 
valuable when resources are limited. For topics such as metabolism and genetics, which are 
only affected minimally by local situations, school-based or local development could be wasteful 
effort, expertise and facilities and the centre-periphery model of curriculum development is poss- 
ibly more appropriate. This is in contrast to the development of studies involving local environ- 
ments - in ecology, health and agriculture for example - which are best undertaken locally. For 
those, teacher development is highly appropriate. 
ible tego age development, systematic evaluation and monitoring is easier. It is also poss- 
to move rn ire relative homogeneity in the content and standards of courses which enables pupils 
— Bearing those noo! to another with little difficulty. 
The Ii penisin mind it would seem that a country would be best served by: 
ment of facilities for teacher development organized in areas so as to foster the 
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credit for previously. The second was their willingness to assume a leadership role and to try out 
new ideas on an empirical basis. There was faith in the possibility of improvement. 

In recent years, curriculum development policies have tended to emphasise contraints such 
as lack of facilities, ineffective teaching and the low ability of pupils. And there appears to be 
less faith in the possibility of improvement. 

A central problem today in many countries is whether the impetus of leadership in curric- 
ulum development can be obtained within the frameworks of restraint that have been established. 
It points to the central task of those concerned with determining strategies of curriculum 
development. This is to identify teachers and other personnel who have the capacity to provide 
the leadership required and to encourage them to overcome the constraints, both real and imag- 


inery, they will face. 


Biology, education and society 


One of the features of developments in secondary biological education in many countries in the 
1960s was the major - and often very effective - part played by research biologists with little 
experience of school teaching. It has been argued that this resulted in a depreciation of the role 
of those who were employed in the school system, particularly teachers. In only a few countries, 
such as the United Kingdom, were teachers dominant participants in curriculum development 
in the 1960s. Subsequently the situation has been somewhat reversed; curriculum personnel in 
ministries of education, university departments of education, colleges of education and similar 
institutions now appear to be dominant. Biologists no longer have such a strong influence and the 
role of the teacher in development is still being worked out. As far as we can gather, it is rare 
in most countries for the content of biological education to be discussed by people other than 
educationalists and biologists even though, of course, its implications for society as a whole are 
considerable. ‘ A " cs 

Such descriptions do not apply to all countries, but certainly there is sufficient evidence to 
suggest that in most it has not been possible to produce effective co-operation between groups 
of people representing the three obvious major influences of relevance to biological education - 
biology, education (including teachers) and society. This remains a central issue in curriculum 


development. 


The three components should be represented in the committees which determine the 


objectives and content of biological education. There should be more advanced training pro- 
grammes in order to produce effective leadership in biological education by people with a com- 


bined expertise in the three areas. 


THE PACE OF CHANGE 


For the next issue, it is salutory to recall a quotation frequently used to portray the dramatic 
sense of urgency in the developments of the 1960s. 

‘At the present tempo of research in the Western World, I would estimate the duration of a 
revisionary cycle in a median science to be of the order of fifteen years. Thus, a body of know- 
ledge acquired in the conventional way by a graduate of 1960 is likely to be largely inadequate by 
1968 and, by 1975, as obsolete as notions of body humors, the ether or the impenetrable atom’ 
(Schwab, 1961). p 

In fact, of course, we were wrong In our estimates of the pace of scientific change relevant 
to education that would occur. Here we are in 1975 and scientific biology learnt in 1960 is by no 
means obsolete, Paradoxically, we were also in error in that we failed to anticipate the extent to 
which educational and social change would provoke future curriculum innovation in biological 
education. For example, the trend in several countries towards longer schooling and more com- 
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prehensive forms of school organization have stimulated new ideas about the design of courses 
with an emphasis on more individualized learning methods, which now have to be considered. It 
was only in the later stages of the period that the growing social relevance of biological phen- 
omena, especially those of human biology, was adequately recognized. 

Whilst we were wrong in our predictions of the type of change that would affect biological 
education, we were right in predicting that change per se would occur and, quite clearly, there 
are lessons we can learn from this. First, that we should be more cautious in predicting the nature 
of future changes and, second, that if biological education is to keep pace with the changes that 
do occur there is a need to establish effective systems for monitoring scientific and social change 
and disseminating the information quickly and effectively to curriculum developers, including 
teachers. 

We might also add two warnings. The first is that we should not assume that because the 
pace of scientific change was less in the past fifteen years than we expected, it will not quicken 
in the future. In fact, the potential in biological research is still immense, particularly in such 
fields as reproductive and developmental biology, molecular biology, behaviour, ecology and 
biotechnology. Furthermore, from time to time, there is the need to recycle scientific knowledge 
in education. For example, in the last two decades, we have tended to depreciate the value of 
taxonomy in biology courses because of the apparent greater relevance of other topics. However, 
now that such topics as conservation have become prominent taxonomy has acquired a new 
relevance. 

The second warning centres on the fact that the education a child recieves at school must, 
to some extent at least, serve him in adult life. During the time he has grown up, however, there 
will no doubt have been changes which will render at least some of his knowledge obsolete. It is 
thus important that at the secondary level, there should be a broad, rather than a specialized, 
coverage of the field of biology. Furthermore, we should try to avoid introducing changes in the 
curriculum which reflect merely temporary interests, whether they be scientific or social. 


Content, process and attitudes 


Changes in the content of biology courses over the past decade or so have shown a remarkable 


pins many countries. Whilst the extent of change has varied it has tended to include such 
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to be studied adequately, and rural biology where agriculture is of prime importance. Also, in 
recent years, the broader links of biology with the psychological, behavioural and social sciences, 
have been acknowledged and added to those with the physical sciences. Environmental topics and 
those of human and social biology are now seen as deserving a comparable status in biological 
curricula with biochemical and physiological topics. 

A further trend which has affected both the content of courses and the processes of study 
involved has been an emphasis on conveying the methodology of scientific research to students. 
This has included changes in content when, for example, aspects of the history of biology have 
been introduced; the inclusion of investigatory activities, both intellectual and practical; and 
the advocacy of more open and permissive teaching and learning styles which aim to stimulate 
critical thinking, enquiring attitudes and interest. In more recent years this enquiry mode of 
study has been extended to embrace both scientific enquiry and the forms of problem-solving, 
used in considering health, environmental, population and similar biosocial topics which involve 
a high level of value judgement (including ethics), probabilistic assessment and the consideration 
of priorities in decision-making. 

At the same time, paradoxically, the nature of scientific enquiry reflected in the ‘new’ 
courses has come under criticism on two grounds. Firstly, it is argued that it depicts a too formal 
and logical view of science and does not sufficiently emphasise the creative, intuitive and prag- 
matic aspects of scientific discovery. Secondly, the courses are criticized because they stress the 
form of enquiry. utilized in the physical sciences and depreciate the type of thinking related 
particularly to social, behavioural and evolutionary studies where the controlled experiment is 
less appropriate, the phenomena are more complex and questions about function, origin and 
development are of a different order. , ; a. 

At this stage then, the idea of enquiry teaching and learning is under close scrutiny. It is 
linked to proposals for devising courses - and some developments - which deliberately set 
out to change the attitudes of pupils. To some extent all courses do this implicitly but until 
recently this was not seen as something appropriate for deliberate action, usually because the 
task was considered to be too difficult, irrelevant, or because of sensitive ethical and political 
issues. Nevertheless, with the broadening social relevance of biological study, this is a matter 
that must be of major concern for future curriculum development, particularly in relation to 
topics such as race, population control, sex, health, conservation and agriculture. It also relates 
to the image of biology as 4 whole. Is biology HOW ACEI too much as an intellectual science and 
too little as an activity in which it is respectable ‘to get your hands dirty’? 

It is important to note that, almost invariably, the introduction of new modes of enquiry 
into courses in schools has been considerably more difficult to accomplish then changes in 
subject matter. The careful analysis of what is meant by enquiry teaching and research into 
methods of undertaking it are still major requirements of biological education. 

The task of curriculum development in biological education today is much more complex 
than it was fifteen years ago and its scope has broadened immensely. There is a dual necessity: 
to change the nature of biology courses by incorporating a greater breadth of content and 
approach and, in addition, to acquire more time in the school timetable for it. 


Course structure 


There was a further inadequacy in our attempts in the 1960s to look into the future of biological 
education: behind many ideas was the implicit assumption that biology changed uniformly. 
In reality, there are areas of scientific biology and the personal and social aspects of the subject 
which are well-established and unlikely to change to any great degree. The basic elements of 
elementary human biology are a case in point. This contrasts with topics, which have previously 
been referred to, where in the future change appears to be inevitable. 

A major task is to distinguish the conservative (unchanging) and ephemeral (changing) 
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elements of the biological curriculum. For the former, curriculum development can be more 
consolidatory, emphasising research into effective teaching and learning methods. For the latter, 
it will need to be more pragmatic. If we push this scrutiny even further, we can perceive the need 


example, between those elements of direct value to pupils as individuals, those of value to the 
citizen and those required for future biology-related occupations. This analysis was undertaken 
to a certain extent in connexion with course developments in the past and a particular feature 
was the conclusion that, at the secondary-school level, there was little difference between the 
needs of future biologists and other students. However, rarely was the analysis extended to cover 
a programme for the complete length of school life. 

If we continue to question the value of curriculum development based on complete zourses, 
as indeed is happening today in several countries, we are also led to consider new course struct- 
ures. Should a modular structure of small, relatively self-contained units be used? What methods 
can be used to individualize learning to accommodate the range of ability, experience and 
interest found among pupils? Should we look outside the school for effective biological study 
through field centres, museums and zoos and community-based activities? In what ways does 
biology link to other Subjects? There are signs in several countries of a fundamental rethinking 
about the type of course structure applicable to biological education. i 

Whatever course structures are considered to be most suitable for biology, a factor which 
clearly will influence their use is the school timetable. The timetabling of school biology varies 
throughout the world. It may exist as a course over one or several years. It may be allotted 
anything from one to ten periods each week. Which arrangements are most suitable? It is 
unlikely that all are equally appropriate. One arrangement which would seem appropriate but 
rarely exists is that of block timetabling e.g. three weeks of continuous study. It is used in 
out-of-school field trips. Could it be used in school time? Subjects such as biology to some 
extent, require, long-term intensive study. This is especially so with topics in ecology and 
behaviour which are seasonal, and applies to biological practical work in general. Biology has its 
own unique demands on the school timetable. At present it is more the case that the require- 
ments of subjects such as languages and mathematics dominate decisions. If progress is to be 
made in biological education then this domination has to be challenged. 


Mode of teaching and learning 
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biology courses and, indeed, to accept that methods devised in the future may be just as worthy 
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The appropriateness of methods for Particular topics. Thus, for example, problem exercises 
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Some generalized contrasts between the modes of teaching and 
learning in biology courses in the 1950s and in the 1970s 


Highly structured, coherent 
courses. 

Linear or cyclical courses. 
Teacher-paced work. 
Students’ work as a class 
on a specific task. 


Teacher lectures, class listens. 


Learning by telling. 
Mainly concerned with 
theory. 

Theoretical and practical 
work. 

Exercises in practical work 
used to confirm inform- 
ation presented in theor- 
etical studies. 

Textbook dominant. 


Open, flexible courses. 


Modular courses. 

Class-paced work. 

Students’ work as individuals 
or small groups on a variety 
of tasks. 

Teacher and class discuss. 
Learning by doing. 

Equally theoretical and pract- 
ical. 

Theoretical and practical 
work. 

Enquiry-based practical work. 


Multi-media approach. 

Use of external learning syst- 
ems e.g. radio, television and 
computers. 

Use of models, games and 
simulation to develop under- 
standing. 

Use of problems based on 
second-hand data. 
Self-developed activities e.g. 
project work. 


using second-hand data are suitable for dealing with topics where one objection is to 
develop an understanding of the research involved but where practical work is impossible. 
The need for pupils to be able to continue studies out of the classroom or laboratory. 
In this context the textbook is of value. It is portable, allows learning to be paced by the 
reader and it can be used at any time. Programmed learning texts are more refined versions 
of the textbook and have similar values. Newspapers, radio, television and other public 
media can serve as auxillary learning resources. 

The need for a variety of approaches to stimulate the interest of pupils. Pupils vary in the 
ways they come to understand things and thus, it is useful to provide them with different 
ways of studying topics. 

The need prise 8 lodes of teaching and learning to the personality of teachers. Research 
and experience indicate that while the introduction of new materials can result in changes of 
teaching strategies (the outline teaching structure of a course) and teaching tactics (how 
teachers manage the resources and techniques available to them), teaching style (a person’s 
individual teaching behaviour which reflects their personality and relations with pupils) is 
merely affected. Thus, it is suggested that the design of course materials and teaching 
techniques should be flexible enough to harmonize with a variety of teaching styles so as to 
maximize their beneficial effects. , , , 

The cost-effectiveness of the methods. This is most important when expensive equipment 
is used or the costs of maintenance are high. In most countries the major criteria for judging 
the value of an expensive new method are whether it achieves its educational purpose 
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better than comparable cheaper methods and, if it does, whether the achievement of the 
objectives is worth the price. 


Biology in the whole curriculum 


Apparently the typical situation in the secondary schools of most countries is for biology to 
exist as a subject only in the later years and them to be optional. In the early years of secondary 
education, biological topics are considered within the framework of subjects such as general or 
integrated science, agriculture, rural studies, environmental science (with emphasis on physical 
science), environmental studies (related more to geography and social science), health education 
and social studies. There are also trends - although admittedly slight - towards the introduction 
of integrated science and broader environmental and social studies in the upper-school with a 
consequent elimination of biology and towards the introduction of a variety of forms of biology, 
including human biology and social biology. The expansion of the scope of biological education 
referred to earlier has taken place at a time when integration of subjects has been seen to have 
educational advantages. The result is a conflict which clearly requires resolution. 

This, then, is the issue which is probably the most fundamental of all those we are concer- 
ned with - what should be the function of biology in secondary education, what place should 
biology occupy in the curriculum as a whole? Obviously, unless this issue is resolved, work in 
curriculum development and design will lack an adequate framework. , 

The chapter ‘Trends in the purposes and objectives of biological Education’ provides 
detailed consideration of issue. It is one for discussion and the following points are offered for 
this discussion. 

Is biology a single scientific discipline with a coherence of its own, an integral logical struc- 
ture and a specific methodology? 

Is biology an amalgam of a number of related scientific disciplines, such as biochemistry, 
eas and ecology, each Possessing its own coherent logical structure and specialist method- 
o; sE el related under the heading of a single subject in the curriculum? f 
as the ait oa as the study of life, a theme encompassing a range of subjects, such 

arily fit together . Sclences together with aspects of the humanities, which do not To 
knowledge? orm a single coherent whole but can be interrelated into a broad field o 
lo ee, distinction can be drawn between subjects which are an integral part of the field of biolo- 
gical education and those which : Z s les of the 
latter, (physics incidentally, h support it. Chemistry and mathematics are examp i 
several topics in thes mations as a relatively low level of involvement in school biology) an 
into a biology course? a s are relevant. Should these topics be taken separately or woven 
valuable. However, it is 7 greater degree of curriculum co-ordination in this respect would be 


eatin in the schaal poe An nsure that studies of topics common to a variety of subject 

iology is best yi . ; 
of the living world include i a field of study concerned with a comprehensive understanding 
people as individuals and A uman beings. It should be related to the needs of both society and 
implications of this broad peat Tecognize the vulnerability of the biosphere. To meet the 
w adequately, biological education must become a more dominant 


influence on the scho i 
soc ed pete s whee eee 1s essential that there be a reappraisal of the balance of 
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ed countries. International diffusion of curriculum innovation can still occur, but it is likely to 
be more related to developments involving a more equable participation by groups of countries. 
Regional co-operation in curriculum development has an obvious advantage, particularly for 
countries with adequate expertise or resources. However, a study should be made of past and 
current regional co-operative activities in curriculum development in order to provide guidance 
for more effective future planning. 

The centre-periphery and the research, development and diffusion (R, D & D) models of 
curriculum development have limitations, particularly with respect to the adequate implem- 
entation of innovation in schools, Such models cannot meet all of a country’s curriculum 
development needs. The crucial issue in future curriculum development is a reappraisal of the 
role that teachers should play. Schemes of curriculum development directly involving teachers 
and related to local or area resource centres should be tried out. A country would probably 
best be served by the establishment of facilities for schemes of teacher development which 
would be co-ordinated and monitored by a national body. This body should also have the power 
to initiate national developments when they are necessary. The professional organizations of 
science and/or biology teachers have an important role to play in such schemes. Committees 
determining the objectives and content of biological education rarely contain - but should 
contain - members with expertise in biological science, education (including teachers), and the 
requirements of their society. 

In the past, predictions of the type of scientific change that would affect biological educ- 
ation were often incorrect. There is a need to establish effective systems for monitoring scientific 
and social change and disseminating the information quickly and effectively to curriculum 
developers, including teachers. . 

The task of biological education today is more complex than in the past and its scope has 
broadened immensely, involving not only relations with the physical sciences and mathematics 
but also with the behavioural and social sciences. The enlarged human and social relevance of 
biology will be a major concern for future curriculum development. It is related to health, 
environment, nutrition, population and other topics and involves value judgements, aesthetics 
and ethical considerations as well as scientific methods of study. 

At secondary level there should be a broad, rather than a specialized coverage in the field 
of biology. An analysis of the nature and methods of enquiry teaching relevant to this broadened 
concept of biology should be a major research commitment for biological education within the 
context of different cultures and environments. 

Another important task is to distinguish between the relatively permanent and the more 
ephemeral elements of the biological curriculum and to relate future research and development 
to this. 

There is a need to conceive of biological education as a flexıble programme of different 
activities within the school, in the local environment and, where relevant, in situations in other 
areas. It should cover the whole of a young person’s educational life. Investigations are needed 
into the most suitable course structures for biology within this broad context. In parallel with 
this is the need to reassess the demands of biology on the school timetable. 

Major factors which should determine which teaching and learning methods are used in 
biology courses include: 

— appropriateness of methods for each group of students; 

— the need for students to be able to continue studies outside as well as in school; 

— the value of approaches for encouraging the interest of students and thus aiding their 
learning; 

= the adaptability of methods to allow for a variety of teaching styles; 

— the cost effectiveness of the methods. 

School biology is best viewed as a field of study concerned with a comprehensive and 
integrated understanding of the living world, including human beings. To play its proper role in 
education, biology should have a much greater influènce on the school curriculum. 
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EVALUATION 
INTRODUCTION 


No teaching exists without evaluation. Evaluation may be implicit and unstructured. It can con- 
sist of simply thinking of the most effective way to differentiate between mitosis and meiosis, 
or deciding which flower will most clearly show stamens and anthers. Everything that is done in 
the process of teaching is evaluated — consciously or subconsciously — for its effectiveness of in- 
formation transfer and student comprehension. If a technique works especially well, it is noted 
for future reference. If it fails to work a second time, it is reconsidered. 

A good curriculum developer takes both the subtle and overt feedback of a class, measures 
how well the goals of the curriculum are being attained, and compensates accordingly. This type 
of evaluation must have existed since the time of the cavemen, but, more recently, we have grad- 
ually moved towards a plan and design for curriculum evaluation that attempts to organize and 
formalise Our measures of curriculum effectiveness, as well as to provide a structure wherein more 
os meaningful, and transferable evaluation data can be collected. Newer works now specific- 

y concern themselves with such structured evaluations (8, 38). ! Even so, it must be emphasized 
that structured eval i 


h uations are in their i s ss and value of various evaluative 
techniques are stil] beine debaten nfancy, and the usefulne 
t is not i : i 

the art and erasa to present here the method of evaluation, but only the current status of 


variety of techniques bei i i fer only to those pro- 

cesse: wA 1 eing used. Evaluation will here refer only s 

aiii a determining the impact of a curriculum. We will not specifically deal with the 
wie ent achievement (see chapter on ‘Trends in techniques and criteria used in 


assessi i j 
activities of ent achievement’), nor will we cover the system of management of evaluation 
s that must accompany any evaluation design 


EVALUATING OBJ ECTIVES 
Evaluati i ; g . 
al óbje a D R mpa something to measure. This something is currently the education- 
age? That dan be a. ci? OT the student to learn the names of the parts of a crayfish append- 
theory of evslation? RE rhe objective for the student to know the evidence underlying the 
how to learn on his one Pie measured. Is our objective to teach the student how to think, or 
pe inate hond bar jp ea cc aà more difficult task of evaluation. Is our objective to 
impossible to rat ie i a e ana reasoning men and women? Here, results are almost 
objective. e many variables and interpretations related to such a broad 
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Attainment of simple cognitive objectives is easy to measure. The broader and more affect- 
ive the objectives, however, the more difficult the evaluation. Nevertheless, evaluation must be 
ready to find ways to establish pupils’ ‘creative abilities and to devise satisfactory techniques for 


appraising their whole attitude and personality’ (34). 


TYPES OF EVALUATION 
Internal 


Many types of evaluation may be employed. One commonly used is an internal evaluation of the 
curriculum in terms of the objectives it has set out to achieve (14). This internal measure does not 
normally question the objectives themselves, but only such data as that the curriculum was able 
to impart to 70 per cent of the students the names of common birds in a given region. The object- 
ives may be trivial, but their degree of achievement is quantifiable. That type of internal evaluat- 
ion, normally conducted by testing students with questions that reflect the curriculum’s object- 
ives, does give a measure of curriculum effectiveness. But a note of caution must be sounded con- 
cerning variables. The same curriculum taught under a wide variety of situations to a broad spect- 
rum of students by a great number of teachers will not produce identical results (37). Variables 
may include the age of the pupil, the pupil’s academic background, training of the teacher in the 
discipline concerned, the age and experience of the teacher, school facilities, and the time allocat- 
ed to the course. These and dozens of other factors have been shown to influence the effective- 
ness of teaching (1). Even the salaries that teachers are paid and their external worries will affect 
evaluation results. Thus, care must always be exercised to avoid confusing curriculum effective- 
ness with teacher effectiveness (43), student preparation, or one of a dozen other variables. 

One must regard a good course of instruction as one would regard good tools given to a 
workman. There is an old saying that a poor workman blames his tools. Many times curricula 
have been changed when an analysis of the situation would have indicated that the curriculum 
was satisfactory, but other factors had contributed to the poor results. No curriculum, however 
good, can rectify all the problems of education (13), but every effort must be made to provide the 
best possible curriculum so that other variables affecting education can be isolated and dealt with. 
If examinations are the instruments used to measure the attainment of curriculum objectives, 
then obviously the examinations must incorporate the objectives concerned. For this purpose, 
it is necessary to prepare a detailed statement of the abilities and content that the objectives 
demand. Klinckmann (25) reports on such a test analysis, wherein the four cognitive abilities 
necessary for an understanding of biological sciences were listed as follows: recall of materials 
previously learned; application of knowledge to new situations; use of skills involved in under- 
standing of scientific problems; and showing of relationships between bodies of knowledge. 
She further noted that these categories could be broken down into more specific abilities, and 
that examinations could be ranked for their capacity to measure these devices. Figure 1 shows a 
test grid that deals with the four ability categories separated according to Bloom’s Taxonomy of 
Educational Objectives (5), and with major curriculum themes along the top of the chart. The 
individual numbers relate to the items on this particular examination that fitted the categories 
concerned. Note that no one examination could provide questions sufficiently representative of 
all 234 categories of the grid, nor is such to be expected. The significant factor is that the use of 
such a grid focuses the attention of those preparing examinations on the necessity to provide a 
wide variety of questions over a period of time so that at the end of the course the grid would 
have a minimal number of blank spaces. Only by such a control device can it be ensured that 
the curriculum is being propertly measured for internal consistency with its own objectives. This 
particular grid was for a specific segment of a course with identifiable themes and cognitive 
abilities. Other grids could be constructed for courses with different objectives and cognitive 
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abilities in mind. The emphasis is not on this as an ideal grid, but rather on the grid as a usable 
model whereby the attainment of curriculum goals can be identified and quantified. 


= Recall and Reorg Matl’s Learned 

= Apply Knowldg to New Concrete Situations 
= Use Skills Involved in Udstg Sci. Probls 

= Show Relats Bet. Bodies of Knowledge 


Biol Roots 
lof Behavior 
Comp. of 
Structure 
& Function 
Homeostasis 
and 
Regulation 


A l-1 Terminology 
1-2 Specific Facts 
2-1_Conventions 
2-2 Trends and Sequences 
2-3 Classifications ond Categories 
2-4 Criteria 
2:5 Methodology 
3-1 Principles and Generalizations 
3-2 Theories and Structures 


Bl Non-quontitative knowledge 
2 Quantitative materials 


C 1-1 Interpret qualitative data 
1-2 Interpret quantitative data 

Understand relevance of data to probl 
Screen and judge design of expt’s 
Screen hypotheses 
Identify problems 
Identify asspt’s, and prin enquiry 
Analyze scientific reports 


-1 Application—to another biol area 
-2_Application—to other fields 
Analysis of relationships. 
Interrelote facts, prins , etc, 
Development of o new set of inter- 
related concepts 


m apaological sciences curriculum study test grid. This test grid compares themes of a typical biology curriculum with specific 
The ENE aps a fe ons not only to evaluate the breadth of a given examination, but also to evaluate curriculum a le 

tead of items ac i s 2 = t a variety o! 
educational difficulty levels, Toss the grid, the Sreater the assurance that cognitive themes are being achieved a 


Cross curriculum 


A question frequently asked when a 
“How much better is Curriculum A th 
within the framework of Curriculum o 
that emphasizes morphology and syst 
toward one that emphasized bioche 


new curriculum or course is introduced into a system is, 
an B?” Again, the answer to this question must be sought 
biectives, Systematists are likely to approve of a curriculum 
ematics, while a geneticist would be more favorably inclined 
mistry and mathematics. School curricula are not directed 
however, but are broadly designed to give the student as 
Possible. The best mechanism for evaluating which curricu- 
nst a previously agreed-upon standard. Each country, each 
mately has consequential objectives. The “better 

closely allows realization of the previously agreed- 
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Worldwide educational objectives vary. In some countries education is concerned with the 
eradication of illiteracy, while in others it may deal with the application of esoteric technologies. 
Curriculum evaluations must not only consider the individual and apply the maxim that he must 
be taken from where he is to a more productive plateau, but they must also consider the societal 
patterns where the education is offered. There is evidence that nations are becoming more con- 
cerned with the preparation of indigenous curricula that emphasize social, scientific and human- 
istic goals of their own societies, and it is in these frameworks that the uniqueness of biology asa 
science becomes readily apparent (39). Inthe past, temperate zone curricula were exported to 
countries throughout the globe and used with little or no change in schools of the tropical as well 
as the temperate zones. This is not a critical matter for such subjects as mathematics, physics, or 
chemistry because of their basic universality. But the exportation of curricula is a far more 
critical matter when dealing with biology. While biology has basic ideas that may be universally 
applied, such as the cell theory, mitosis, genetics, and evolution, it nonetheless has a strong region- 
al component. It deals with the environment of the individual in a way that neither chemistry, 
physics, nor mathematics can approach. Flora and fauna of the globe differ markedly, and the 
biological problems associated with specific biomes are varied indeed. 

It is not sufficient to concentrate on robins, oak trees, and birches in the temperate zones 
of the world and expect students in the tropics to relate to them. In the days of the exported 
curriculum, no concessions were made in respect of either flora or fauna, or peculiar local bio- 
logical problems. Students in the tropics studied the daffodil and the spruce tree while surround- 
ed by bamboo and banyan; they studied robins and jaegers in an environment of mynas and 
secretary birds. ae 

The objectives of such curricula could only be measured by exported examinations, and 
many times this required the importation of appropriate specimens from the temperate zone to 
match the syllabus and text the student was studying. In these cases, evaluation measured the 
ability of the student to master an essentially foreign curriculum without attempting to measure 
the relevance of the materials so mastered. The situation was such that the students were led 
subconsciously to believe that biology was something that happened in the United Kingdom, or 
France, or Germany, or the United States, and that their own environment was either aberrant, 
or at least nonbiological. . i 

In terms of a ‘better’ curriculum, therefore, evaluation should attempt to ascertain that the 
curriculum under investigation properly reflects cultural differences and the differences in the 
organization of the school system; it should be cognizant of the different aims of the societies 
concerned, and of the particular developmental state of the region involved. In short, new evalu- 
ation instruments are needed that measure the new objectives (28). 

Globally, ‘better’ curricula are being produced through the development of indigenous 
materials with the primary aim of explicating the student’s immediate surroundings, while re- 
jecting imported and nonapplicable materials (40). Not only as the local flora and fauna been 
incorporated in newly developed regional curricula, but the emphasis on regional problems has 
increased markedly (10). In order to insure proper regionalization of curriculum content it must 
be checked by appropriate experts. The temperate zone textbooks largely ignored such health 
problems as schistosomiasis, yellow fever, and malaria. Basic information about these diseases has 
now been introduced in appropriate geographic areas so the student may comprehend the health 
problems of his own region. The agricultural emphasis of indigenous textbooks has likewise been 
changed. These now stress water economy in desert land, snow in mountainous country, and 
drainage in areas of plentiful rainfall. These considerations have led to the production of materials 
for biological education that concern both individuals and their immediate environments. Evalu- 
ation of such concerns with respect to agriculture, health, and an interpretation of the regional 
flora and fauna (3) is a first step in developing materials that largely reflect the objectives of 
education in a particular area. 

‘Better’ curricula will not only be based on a knowledge of the local flora and fauna, but 


also on a comprehension of the problems facing a country that biology can help to solve. It is 
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unfortunate that many professional biologists throughout the world are dealing not with the 
problems of their own countries, but with problems of the more developed countries. There is a 
necessity for concentrating research on the problems of a specific region, not only for the growth 
of that region, but also to provide the requisite materials for its student to use (19). To this end 
the Science Education Centre of Southern Rhodesia has appointed to good effect a school biology 
innovator with the task of translating aspects of the work of local biologists which may have part- 
icular significance into classroom activities. 

The concept of ‘better’ must also take cognizance of fadi in the biological sciences. It may 
well be that the current popular concentration on molecular biology, quantitative biology, genetic 
engineering, and other similar topics does not contribute to the solution of problems in regions 
where resource books are badly needed on environmental questions and the systematics of local 
organisms (20). 

A ‘better’ curriculum must be evaluated in terms of the educational objectives set by the 
educational apparatus of the country concerned. Very broadly speaking, those objectives an 
evaluator must look to in respect of biology as a discipline fall into five major categories: 

Career preparation. This category deals with careers in such fields as medicine, dentistry, 
teaching, and research, and calls for a specific preparation in biology that is determined largely by 
the professional school or college the individual is ultimately to enter. No nation can afford to 
ignore the need to prepare professional biologists for work in environmental preservation, energy 
conservation, health, and other such basics necessary to its welfare. Evaluation of a ‘better’ 
curriculum, therefore, should note the provisions the curriculum makes for preparation of a 
certain segment of students to pursue professional biological work (9). 

Biological application. The primary use of applied biology is in agriculture and fisheries. 
More emphasis is now being placed on these topics in school biology programmes (4, 33). Here 
again, the curriculum for persons entering these fields is determined very largely by the agriculture 
and fishing industry of the country concerned, and these are themselves functions of the environ- 
ment. Countries that have agricultural monocultures proceed along traditional lines, and educat- 
pe Napa eae that communicate new techniques or new potential crops must break through a 
ingesting fr ae These breakthroughs, which evaluation must measure, are more effective in 
Bibsstitched iat of an already established crop such as rice, where the so-called miracle rice is 

let us say, to aa grown, than in attempting to shift the agricultural base from a 
5 ‘better’ curriculs on rom. Personnel need to be trained for such breakthroughs by means ~ 
throughout the Sanet lat exposes students to a wide variety of techniques and practices use 
ultimately be A lps production of food. Some of these techniques and practices ma 
evaluation can measure how sok the economy of the country concerned. A properly designe 

Individual Maintshdnes Fs a valuable outcomes are achieved. . ih 

individuals and their Drita 10 ogy has a great deal to contribute to the maintenance of | 
should emphasize prope Fila ee in matters of hygiene and health. ‘Better Lge 
should give the individuals a ons bodily care, the necessity for certain types of exercise, an 
tial deficiences in th erstanding of the operation of their own bodies and the poten- 
um dealing with these matters should include health-related 
cece ne and self-diagnostic procedures used to detect early 
substitutes science for superstitio,, o er diseases (41). This aspect of the “better curriculum 
and quackery. Health statistics and surveys provide data by 
the eines can be evaluated. ; a 
A country’s baoa e ise oe i ar a pai 
i "s bi : ras ical potential is as important as ar $ 
standing of a country’s biological ee Reforestation should never i aeniei, for TA 
ea an support a forest. No large-scale attempts should be 
ade t c aoe g 
Eer TE am E an aaa unless it is known that fish once inhabited those waters. 
y essary to understand that clean air and clear water may be as 
ent of the individual. 
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Curriculum concerns are beginning to be focused on appreciation as a measurable objective 
of biology (2). The aesthetic values of a tree, a flower, or a bird, might well be included in de- 
veloping environmental awareness. In some cultures, as, for example, in Japan, aesthetic apprecia- 
tion has reached the state of a high art; in others, it may not even be a consideration. Evaluation 
is difficult in areas of value judgment, but environmental awareness can be measured, and the 
effect of new curriculum materials on changes in that awareness can be noted. 

Problem solving. Biological problems may be either local or global in scope. The closer a 
biological problem is confined to a specific region, the easier its solution. Some studies indicate 
that the number of people on the planet will eventually exceed its carrying capacity; but because 
of the uneven distribution of individuals and natural resources, the population problem is already 
exacerbated in certain regions. And, while a global approach to the problem may be dictated, 
the solution is still in the hands of persons who view the problem with a regional bias. 

One of the functions of the ‘better’ biological curriculum is not only to bring problem- 
solving techniques to students (12), but also to point out problems to those who will be called 
upon to solve them. No solutions are possible until problems have been perceived. A curriculum 
that deals with the solution to a problem not known to exist is ineffectual. Evaluation tasks can 
deal with problem-solving abilities and measure how well various problems are perceived after 
the students have been exposed to a curriculum designed to emphasize these abilities and percept- 
ions. 

Cross-curriculum evaluation can be 
as one which most effectively prepares 
problems and to find solutions to them. 


made, therefore, that will serve to identify a curriculum 
the citizens of a region to comprehend its biological 


Reflective evaluation 


Many think of reflective evaluation as the initial part of formative evaluation design, but others 
regard it as a separate category (7). Reflective evaluation might be defined as a precursor activity 
that screens curriculum components for suitability. It is subjective for it often involves intuitive 
insights that may be used to clarify definitions and to refine the criteria for deciding what should 
be included in a given curriculum. Applying the reflective technique may be aided by a checklist 
or a rating scale. By identifying crucial questions related to various curriculum components and 
reflecting upon them against the background of relevant information, the resulting curriculum 
design may be improved. The value of reflective evaluation is that it forces curriculum developers 
to think through the curriculum design, using experience and judgment to interpret relevant data, 


before putting pencil to paper. 


Formative evaluation 


Curriculum development plans normally provide a period for classroom tryout of experimental 
the evaluation design is formative in nature. The entire purpose of the 


materials. During this time 3 : 1 
rovide on ongoing evaluation of the many components of the curricu- 


and the support source — 
Data for these audiences are 


section of schools where they are fi 
cultural and geographic regions of a country as well as a cross-section of schools themselves — 


poor schools, rich schools, public schools, private schools, city schools, suburban schools, and 
rural schools. Unless the curriculum is designed for a specific target population, the broader the 
test sample, the more valuable the field test data will be in changing both content and pedagogy 
to accommodate the largest possible population. Only in the most affluent countries is it possible 
to prepare curriculum materials for specific population segments; for the most part, curricula are 
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nationwide in scope and plan. A series of formative evaluations dealing with programmes for the 
mentally handicapped are examples of evaluative techniques used in curriculum projects for 
specific population segments (16). 

No single evaluative design will measure all of the variables in teaching and learning, but 
measurement of as many as possible should be attempted. The success of the effort is dependent 
upon budget, time, personnel, planning, and the type of questions that need to be answered. 
Unless the purposes of evaluation are focused on project goals, the evaluation may be of little 
use. The evaluation plan should describe the sources of data, their justification, and the method- 
ology and instruments to be used in accumulating the data. Figure 2 (26) indicates a typical de- 
sign for data collection. The questions for evaluation have been delineated and the kinds of in- 
formation necessary to answer the questions are shown in the circles. Means by which the data 
are gathered are noted in the rectangular boxes on either side. Data can be gathered for formative 
evaluations at a number of Stages; these vary from exploratory studies begun prior to development 
and carried through to pilot teaching, or field-test studies carried out after completion of the 
project. 


Summative evaluation 


Summative evaluation involves the gathering and interpretation of data in order to provide a 
broad systematic appraisal of a curriculum in operation after it is completed and in use in the 
schools (6). There is not always a clear-cut differentiation between formative and summative 
evaluation. Many of the questions related to a formative evaluation continue to be applicable to 
Summative activities. Summative evaluation notes the continuing project need for information on 
how and when materials work, and identification of their weaknesses and strengths. These data 
facilitate later revisions of the materials and aid in developing additional materials or programmes 
and enhancing their use. The longitudinal study — study of the same population over a period of 
time — can determine how well learnings from a curriculum are retained and used in later years, 
which is a crucial test for any curriculum. 


Responsive evaluation 


tues and summative evaluations are undoubtedly the primary ones used in curriculum 
ena A ee ey are preordinate; that is, they rely on prespecification of goals. There are other 
(ae ete oI S evalamtion that are not preordinate. One alternative is responsive evaluation 
moam p uation concerns itself more directly with programme activities than ag 
the different Wale pears to audience requirements for information and takes cognizance of 
it, ta, reanikes vlan. . ait Present. While proponents of responsive evaluation indicate that 
treating objectives, h oth nd structure, they differentiate it from other forms of evaluation by 

» hypotheses, test batteries, syllabuses, and such, as components to be evaluated 


themselves, not as the basis fo an ev: eordinate evaluation 
i asis fi i i i ion i i 
ed he ae ae ae T an evaluation plan. Certainly pr inat luation iit 


or whether certain hypotheses When it is necessary to know if certain goals have been reached, 
or issues need to be investigated. Responsive evaluation has the 


built-in flaw of exce: jectivi 
ss subjectivity. It Serves as a more casual, less scientific way of reporting. 


Illuminative evaluation 


ition to its outcomes. It suggests detailed, 
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tial research bias, and the use of techniques more applicable to the social than to the natural 
sciences. 


NECESSITY FOR EVALUATING 


Evaluative techniques are themselves undergoing change. With the increasing worldwide emphasis 
on educational accountability, questions are being asked and curricula are being designed to 
answer them. To be effective, answers require evaluation. Whether evaluation comes from within 
the project or without is a debatable point, with arguments on both sides. Now more than ever it 
seems quite unacceptable to introduce change merely for change’s sake, or to prepare curricula 
that are without objectives, that are redundant, and that rely solely on their use to prove their 
validity. In developing countries in particular, there is a necessity for stressing practical rather 
than theoretical aspects of development and evaluation. It is difficult enough to induce curricular 
change, and the opponents of change justifiably criticize the lack of substantiation for it. We 
see constantly changing curricula in our schools, but only critical curriculum evaluation can de- 
termine whether or not we are simply changing curricula without necessarily improving them. 
While evaluation is essential, caution must be exercised in interpreting the data. Many more 
extrapolations have been made from educational data than was warranted by the particular 
situation described; one must constantly be on the alert in examining evaluative results to ascert- 
an whether there have been proper controls and whether all possible variables have been taken 
into account or, at least, described. Not only in the experimental design itself but in the treat- 
ment of data are some evaluation studies suspect. There have been instances where raw data in- 
dicating one thing have been statistically manipulated to indicate exactly the opposite. Unless one 
is familiar with statistical procedures, conclusions are accepted at face value without adequate 
investigation of the statistical mechanisms concerned. No single curriculum can take credit for all 
of a student’s knowledge about a topic, yet evaluation studies attempt to measure the student’s 
ro re achievement of curriculum content through a series of examinations given during the 
ered i curriculum. The achievement of affective goals is much more difficult to measure, 
Pa e als are tenuous at best and subject to a great deal of interpretation. Evaluation in- 
s are needed that will truly measure the goals of a curriculum, both cognitive and effect- 


ive, before sufficient data c i 
; an be a 
a specific curriculum, ciei 


STANDARD EXAMINATIONS AND EVALUATION 


Curriculum ; 
national a oo a miari ayo evaluation are sometimes limited by the standardized or 
ional career, (See chapter on “Tre wri Tegions at certain critical stages in the student’s educat- 
ment”). Curriculum developers i i. in techniques and criteria used in assessing student achieve- 
one of training students to pass a F ampered because the major educational objective becomes 
amination carries so much weight m emnation, not of preparing them for life. When such an €x- 
changed because it measures master creates a closed loop whereby the examination cannot be 
because it prepares for the Ra Sre curriculum, and the curriculum cannot be changed 
change, so must one recognize th 1on. Thus, just as there is a recognised need for curriculum 
e need for examination change. No examination should ever be 


devised that does not h: ithin i 
ave within its soj i 
every case where an examination ref] Sicure a provision for self-destruction, or change. In 


: ects curricul A : : to 
change either, for each uses the other as an excuse Gee gaa imposiibl» 
ofa curriculum, change is difficult if not impo ae, measures the students’ learning through use 
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come a device whereby student progress is inhibited because passing a given examination is the 
major objective of a curriculum. 


TRENDS TO EVALUATE 


Certain trends can be identified as being worthy of evaluation in the future. The major ones that 
evaluation needs to be concerned with are as follows. 


The desire for change 


There is a worldwide dissatisfaction with current curriculum practices that has led to a desire for 
curriculum change (35) (see the chapter on ‘The development and design of new courses in 
secondary biological education’). Practically every nation, from the most technologically adv- 
anced to the most recently emergent, is concerned about current practice and is inquiring about 
initiating change. If there is one constant an evaluator has to keep in mind, it is this trend toward 
change. Evaluation can provide data to promote change that is contributory, and not just cos- 
metic. Evaluation mitigates the tendency to change only for the sake of changing. 


Identity 


nal and national aims are reached through materials that are readily 
r nation concerned (11). Thus, evaluation must take account of the 
al identity and goals. 


This is the trend where regio 
identifiable with the region 0 £ 
necessity for measuring regional and nation 


Relevance 


In terms of biological content, evaluation is shifting toward a concern for the relevance of the 
curriculum. By far the largest proportion of individuals who take biology in school will be neither 
scientists nor biologists. Past practices of teaching biology to all students as if they were plan- 
ning to become professionals in the field is diminishing. We now recognize that biology first of all 
must meet the needs of the average citizen, giving each an understanding of the environment 
and its natural problems. Evaluation must concentrate on whether students can react to questions 
about the future, as well as questions about the present; it must ensure measurement of issue- 
oriented or problem-oriented situations, including such topics as reproduction, birth control, 
pollution, population, aggression, and other concerns of the citizenry. 
Evaluation must recognize that we are moving away from biology considered mainly as 
systematics and morphology and away from the wealth of sometimes useless material that 
students have been forced to memorize. Now we are asking questions about what segments of 
biology will be most useful to the development of the individual in the framework of society 
(30). Perhaps through evaluative techniques we will be more concerned with allowing the 
citizen to live in harmony with environment. This means that we will be evaluating a more 


practical, relevant, and less theoretical biology than in the past. 


Individual differences 


well known fact and, as countries undertake the Herculean task of 


Student variability is a ; F pale eee 
tizen, the problems of accommodating to individual abilities are 


providing education for every © 
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becoming predominant. Because no one set of materials is equally applicable to all students, 
materials are now prepared not only for the average and above-average student, but for students 
who are consistently academically unsuccessful (42) and, in many cases, for those who are either 
physically or mentally handicapped. Evaluation designs must take into account the continuing 
trend for more education to reach more and more people. 


Sequence 


The placement of a topic such as biology in school syllabuses is receiving considerable attention. 
The trend is, rather than to place biology at a specific school level, to build an integrated series of 
experiences at each grade level, from kindergarten through college. Each one is cumulative, and 
the series as a whole accounts for a total exposure, so that the student does not continually 
circle over a given subject matter year after year at successively higher vocabularly levels (17). 
Evaluations must take cognizance of this earlier experience and cumulative exposure to content. 


Multimedia 


The trend is toward the use of an increasingly wide variety of educational technologies and 
media to provide maximal sensory inputs on given topics (31; see also the chapter on ‘The 
impact of new instructional equipment and educational technology in the process of teaching 
biology’). The major drawback to the extensive use of different media has been and will continue 
to be expense, and the misuse of media must be reduced. Media usage is applicable when the 
message can most effectively be transmitted through the mechanism of films, television, 
computer-assisted instruction, and other such devices. Unless there is to be a significant academic 
pain, thie use of exotic media may simply become an expensive way of transmitting relatively 
rivial facts. Evaluation of the educational effectiveness of various media as ways of presenting 


materials will give answers to i i a wa l 
"a and when their 
Cost is justified. questions as to when certain media will be helpful and 


Integration 


The his iagi : 

dis ciplines. Botany SEa] education has been one of a constant coalescing of normally separate 

of biology. Biology deals vite in many instances, have been combined under the single rubric 

the student who sees onl 1ta an entire field and provides a synthesis not otherwise possible for 
nly segments of the discipline in courses of anatomy, physiology, system- 


atics, etc. But just as ther k : 
logical sciences into one, D richest o tendency to coalesce the individual identities of the bio- 


not only biology, but chemistry ae are found to develop courses in science that include 
be to extend science into the ak pt pee the earth sciences as well. The next step seems to 
and social sciences in ce m of the Social sciences, and to integrate the natural sciences 
matrix will be added Bh ma A dealing with specific problems (24). Ultimately, to this 
world through combinations = ot te denis will receive a still more integrated view of the 
These integrative steps need mA aod ave, in the past, been separate and discrete disciplines. 
divisive. nt evaluation to ensure they are contributory rather than 


Minorities and women 


A curriculum i si z 
ulum needs to provide positive reinforcement to all segments of the population. This 
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means largely removing stereotypes that show women and minorities in specific activities that 
tend to categorize their position in society (22). In India, curricular materials are now appearing 
in the various native languages of different sections of the country; billingual education is 
emerging in areas of Canada, where the languages are English and French, and in the United 
States, where greater emphasis is being placed on adapting to the needs of Spanish-speaking 
students. Curricular materials should reflect the needs of all cultural and ethnic minorities. The 
role of women is different in many countries, depending on local customs and traditions; for 
the most part the tendency is to give women a greater share of the decision-making roles in 
society. Curricular materials are also now reflecting the complete integration of male and female 
roles in the various aspects of a discipline. Evaluation must ensure that bias against ethnic and 
cultural minorities, and bias on the basis of sex, is eliminated from curricula. 


Accountability 


f the state and the citizenry of the state, it is more and more 
being asked to account for its actions, its progress, and its product. Education for education’s 
sake is not held in as high esteem as it used to be. Questions of Why? What? Where? When? 
and How? are being asked, and the curriculum segments of our educational systems are expected 
to justify their content and to account for progress. It is to this end that evaluation has changed 
from the evaluation of individual students for purposes of assigning grades, to the evaluation of 
a school, a curriculum, a teacher, a programme, or a set of values. All segments of the educational 

ies of aims or objectives, and the effectiveness of educ- 


enterprise will be evaluated against a seri ži : RS 
ation will be judged by its ability to show how well it has achieved the goals and objectives 


Proposed. 


Because education is a concern o 


DISSEMINATION 


INTRODUCTION 


elopers envision their role in education as simply that of creating 
hool’s role as one of acceptance. Schools, however, more frequently 
interpret their own role differently. They see evaluation as their first responsibility, and they 
regard the curriculum developer as an interested outsider (27). Evaluation has been so far dis- 
Cussed as an intrinsic part of curriculum development. Curricula are ultimately evaluated a 
second time; that is, through use in the schools. It is this second evaluation that involves the 
realm of dissemination, where curriculum developers must not only inform educators of the 
existence of a new curriculum and its potential, but must supply the curriculum product and 
in some cases, even create the demand for it. To ensure maximal effectiveness, the develop- 
mental function should be divorced from those who adapt, mandate or conduct summative 


evaluation upon the new curriculum. 


Frequently curriculum dev 
new curricula, and view the sc 


DISSEMINATION CRITERIA 


Curricula that are ultimately chosen for use are those that communicate in their dissemination 
activities the greatest combination of high promise (product effectiveness) and low risk (access- 


ibility). 
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Product effectiveness criteria 


The high promise features that encourage the adoption and use of new curricula include the 
following. 

Obvious relationship to education needs. That curriculum shows the greatest promise that 
satisfied the majority of a country’s educational objectives, whether those be the training of 
professionals or paraprofessionals, the institution of an enquiry of problem-solving approach, an 
emphasis on environmental education, the coverage of basic principles of good health and other 
applied aspects of biology. The curriculum that fills these needs alleviates certain problems and 
thereby passes one of the primary steps for acceptance. , 

High apparent validity. This criterion implies a guarantee of results and usually contains 
accountability procedures against which curriculum claims can be measured. In short, it demon- 
strates that the curriculum does what its creators said it could do. ' 

Abundance of new, easy-to-use teaching and learning ideas. Teachers appreciate new ideas 
and teaching suggestions, but not if they are unduly demanding or excessively complex. The 
curriculum most likely to be disseminated is one that offers the teacher new techniques and 
concepts that are both easily assimilated and applied. 

High interest value for both teacher and student. Teachers gauge their success by student 
interest in what is being taught, but unless material is initially interesting to teachers, it may 
never be presented to the students. Dissemination efforts should be focused on capturing the 
interest of both teacher and students. . 

Attractive packaging. Both students and teachers are most favourably disposed to materials 
that are well printed, well illustrated, colourful, and tastefully produced. Given the choice bet- 
ween smudged mineographed copies on low-quality paper and clean type on glossy paper, illus- 
trated and bound in an attractive cover, the average student or teacher clearly and quickly dem- 
onstrates the focus on package attractiveness. This criterion is cost dependent and certainly 


tanks as the lowest priority item in the sequence of product effectiveness criteria if the first 
four criteria can be met. 


Accessibility criteria 


The corollary to high promise, which implies mechanisms that will best help the students 


learn, is low risk; that i š A 
PE o aE ria > at is, a curri m readi i The low risk access- 
ibility criteria are 2s follows, culum readily accessible to the teacher. The lo 


Materials that pose th A e oe as ‘ at 
is likely to have th et oh least threat to a teacher’s training and capabilities. A curriculum th 


neither success is one that is least threatening to the teacher. It is one that 
beyond ps edu: ae new type of teacher nor requires teaching strategies and ie sage 
will be new to the teache ~ Present teacher. Almost all new curricula include materials tha 
used. This. ever-present rs and many demand teaching styles at variance with those previously 
include an attractive ok reat to the teacher is greatly reduced when dissemination activities 
and competence needed be Package that enables the teacher to obtain easily the confidence 
teacher in the form of a hen the Programme. This package can be directed to the individual 
involve periodic in-service trainir cq teacher's manual to accompany the curriculum, or it may 
the new programme easier or tie moe Whatever form it may take, it must make adoption of 


rather than facilitates teacher acceptance temo Curriculum is in difficulty which threatens 


teaching 


Evaluation 


materials that move toward desired goals in small increments. Attempted dissemination of giant 
steps forward frequently fails because the target population cannot effectively assimilate the new 


values such a step requires. 
Least revision of classroom strategies. All new curricula demand some changes in classroom 


strategies. The enquiry method involves more dialogue between teacher-student and student- 
student than many teachers have been used to. Most teachers who are amenable to some use of 
the enquiry method would reject a programme that demanded its 100 per cent daily application. 
Dissemination activities must tie the new curriculum to existing teaching styles before introduc- 
ing more varied approaches. 

Least requirement for befor 
require teachers to spend hours ou 
become so demanding as to be rejec 


e-class ` preparation. Complex and demanding curricula that 
tside of class preparing for a single presentation are likely to 
ted. The numbers of classes, the numbers of students, and 
the number of outside tasks already handled by teachers is considered by many to be excessive. 
Additional burdens are not welcome, and new curricula are most likely to be adopted when they 
require only minimal additions to an already heavy teaching schedule. Dissemination efforts 
need to emphasize the ease of preparation requirements and to demonstrate that they can be 
handled without excessive demands on the teacher. 

Least overall stress in teaching style. Here again, it is impossible to introduce a new curric- 
ulum without developing at least some initial stress in teaching style. Teachers who have been 
used to communicating exclusively through the lecture method, find the introduction of labor- 
atories — initially, at least — demanding and threatening. The use of multimedia or marked 
change in an already familiar syllabus or examination can make a teacher uneasy, but the less 
stressful the curriculum appears to the teacher, the greater the possibility of its effective implem- 
entation. It is the role of dissemination to reduce the stress potential inherent in new classroom 


materials. 


DISSEMINATION TARGETS 


It is paradoxical that curriculum developments should be targeted toward students when students 
are hardly in a position to determine curriculum adoption. Only indirectly, by their demon- 
strations of apathy or enthusiasm, achievement or disenchantment, can students influence the 
adoption or rejection of a particular course of study. Governmental agencies, administrators 


and teachers adopt curricula, and each views the adoption from slightly different vantage points. 


Governmental agencies 


t strong central ministries frequently envy countries like France 
and New Zealand, whose ministries both initiate and control curriculum development. In those 
countries dissemination can be directed to occur. Conversely, educators in countries with dom- 
inant central control of the educational process may envy those countries with decentralized 
educational systems, such as the United States, the Federal Republic of Germany, or the United 
Kingdom. Such decentralization favours a wide variety of experimental approaches and provides 
greater autonomy at local levels. The effectiveness of a national, centrally determined curric- 
ulum seems correlated with the homogeneity of a country’s population and culture, as well as 
with small-sized, compact populations (23). Factors that influence governmental decisions 
include a tradition of centralized decision making, economic limitations, and the influence of 
social interest in the school curriculum, particularly on the part of political parties, organized 


religion, or societal tradition. 


Educators in countries withou 
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Administrators 


In this outline, administrators are defined as regional or local, rather than national. Even in 
strong, centrally controlled systems, however, directives pass through the hands of geograph- 
ically dispersed administrators whose abilities to disseminate the curriculum decided upon at 
higher levels will vary with local conditions. These administrators may be concerned with the 
cost effectiveness of the programme under consideration, funds for its maintenance after adopt- 
ion, the availability of its materials, and its suitability for the local situation. In addition to the 
central government influence, regional administrators are affected by pressures from various 
regional groups — parents, labour unions, teachers — plus microcosms of all the pressures affect- 
ing a central ministry. With a strong central authority, regional administrators at least have 
external reference points for their actions. 

In those countries that lack such central control, it is the regional administrator who may 
be responsible for the curriculum decisions of his area, with no recourse to higher authority. 
Dissemination efforts must be directed toward answering the administrator’s questions about 
why a specific curriculum should be introduced into the system under his control. In order to 
answer the questions that will be directed to him by parents, teachers, and others, the admin- 
istrator seeks exact information. Any dissemination effort that cannot provide him with suff- 
iciently precise answers risks not being considered for adoption. 


Teachers 


The high-promise, low-risk attributes of dissemination listed earlier are of concern primarily to 
teachers. The effectiveness of a dissemination activity is measured by how well the original 
Philosophy and design of the programme are applied in practice. For this, each teacher is indep- 
endently responsible. Teachers thus play a critical role in innovation, not simply as implementors, 
but as innovators themselves, They assume creatively adaptive roles in modifying the innovations 
of others to suit the particular circumstances of their schools. While this activity may be of para- 
E importance in formative evaluation, only a relatively small number of teachers are inv- 
Sa evaluations. Larger numbers of teachers can play a significant role in summative 
n, based on their experiences with implementing activities. 


TEACHER EDUCATION AND DISSEMINATION 


Teacher education a i 
e i i i i inati ; ‘ 
ation. They are noe on play an important part in effective dissemination and implement 


ministries, baile eee Ata t only in in-service training activities, which may be conducted by 
projects themselves, amo ane individual schools, labour unions, or curriculum development 
‘Training and retraining A E but also in pre-service teacher education (see the chapteron 
national authority not only a ). Unfortunately, except in those instances where a strong 
pre-service teacher education alot e a development but also controls teacher education, 
ulum innovation. The lag in piesen ace one 1 boltan fiom the mainatia g Meee 
most curriculum innovations do a 

the facultie i 

mior eee a pay institutions. When the innovations deviate markedly from 
ceed immediately to in-service id eee Students of such institutions must frequently pro- 
ulum innovations. 8 sessions to prepare themselves for implementing curric- 
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DISSEMINATION DESIGN 


It is obvious that every curriculum development project must design a plan for dissemination. 
A model for curriculum dissemination leading to implementation is shown in figure 3. It is 
further obvious that the dissemination plan will be conditioned by governmental policies and 
laws and will use the body of experience accumulated through contact with national and local 
agencies during the experimental use period in pilot schools. The magnitude of the dissemination 
project depends on the type of curriculum innovation. Obviously one teacher working on new 
materials for her own classes has a relatively simple dissemination plan, but the problems are 
compounded as more teachers, more schools, and more areas become involved. Some curric- 
ulum innovations have extended far beyond national boundaries to become truly international 
in scope, and these larger projects present problems of language, culture, facilities, budget, and 
so on, that greatly affect the dissemination plan. Thus, curriculum design will depend on what 
is to be disseminated — a complete course OT simply course concepts, the entire package or only 


that part which differs from what is currently being done. 


INDIVIDUAL STUDENTS 


COORDINATING GROUP 


THE SCIENTIFIC AND GOVERNMENTAL 


ATE 
HN EDUCATIONAL COMMUNITY AGENCIES 


ENTERPRISE 


m implementation. The vertical structure of organizational units is interconnected through feed- 
s to provide a close working relationship between curriculum developers, school administrators, 
ed to bring about this type of co-operative effort do not presently exist in most 
d in the model is a dissemination goal for which to strive. 


Fig. 3. A model for curriculu: 
back communications channel: 4 
teachers and parents. The mechanisms requir 
educational structures, but the idealism reflecte 
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Early communication with the educational community 


This includes announcements in educational journals that indicate the establishment of a new 
curriculum development project, the nature of its activities, the staff, its headquarters, and the 
service mission to teachers and schools. Interested inquiries should be invited, and perhaps from 
these, individuals can be selected for participation in various phases of the development or diss- 
emination effort. These announcements are usually in the form of articles submitted to various 
educational publications, although it would be neither unethical nor improper to explore a paid 
educational advertisement. 

Disseminate a strong image. It is important to achieve in these first messages at least a 
neutral but preferably a favourable response (18). Positive image building from the beginning 
includes not only presenting a favourable image of the programme itself, but also projecting a 
positive image of staff members to the educational community. If the initial announcement 
evokes unfavourable attitudes, the project is in difficulty from its inception. It should be empha- 
sized, however that each public announcement made by the project constitutes a first message 
for someone. 

Mailing list. Development of a mailing list should include the names and addresses of those 
who have written for information, as well as those listed in educational directories or known to 
the project staff. This list should concentrate on those who are concerned with the target pop- 
ulation and the curriculum area of the project. 

Brochures and newsletters. It is helpful if an informational brochure can be developed as a 
simple mechanism for answering the majority of questions concerning the project. A newsletter is 
an effective communication device, provided sufficient creative talent is available to ensure 
maintaining a regular schedule of publication, and so long as funding for such an activity can be 
obtained. 

_ Personal contact. Visitor service at the project headquarters can provide firsthand inform- 
ation to those interested. Participation in educational meetings and conventions, not only by 
means of papers presented, but also by exhibiting the project’s material, will materially aid in 
keeping the target audience informed. 


Workshops 


The project shoul A z 
with iiteresied. ns in mind the opportunities to conduct workshops. These can be arranged 


s at a given meeti be specially designed for regions where inter- 
ested t ; ng or can be sp y: g 8 
be content ce a congregated. Invitational workshops at the project’s headquarters can 
institutes and academic year tkshops or in-service courses at colleges and universities. Summer 
explored. Ultimately, the w Pi where such training facilities are available should also be 
completed curriculum to B ep Op function should be transferred to the agent marketing the 
as in Japan, science seater, e for maintenance of the communication channel. In some areas, 
i Ske Ceuntdes, auth ap 3n cenifres are available on a formal basis for workshop activities (29). 
ensure availability of materials far eaer are neon has been set up by the ministry to 

se. 


Production of model materials 


A modest overprinting or Overproduction 
be purposely authorized. Those materials 
workshops or other training activities, a 


of the prototype product and training materials should 
op needed in pilot classes can be used in a variety of 
nd can be paid for by those conducting or attending. 
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DISSEMINATION STRATEGY 


A dissemination strategy must be evolved. It should respect the teachers’ professional back- 
grounds and been in mind how innovations will affect their careers, and take into consideration 
what financial implications, if any, are involved. The strategy should also take advantage of the 
teachers’ training and experience, and should relate to current practice. It should capitalize on 
the rejection or growing frustration with curricula then in use. It should consider teachers’ 
opinions of the capability of their students and the classroom constraints under which they work. 
It should take into account the level of trust and respect between teachers, administrators, and 
innovators. Most importantly, it must lead to internalization of an innovation; that is, there 
must be complete comprehension of the innovation in a personal sense, and not as something that 
requires constant external application from outsiders. The strategy must involve teachers in a 
contributory fashion and cannot consider them merely as passive receptacles for the ideas of 
others. If teachers are to receive both personal and professional satisfaction, somehow they must 


provide an element of their own creation in the programme. 


Administrative and material support 


both administrative and material support for innovation, for without it 


It is essential to have : , i n c 
tion programme will fall into disrepair. 


teachers will feel abandoned and dissemina 


Examinations 


As mentioned earlier under evaluation, the examination system must be flexible enough to 
accept the dissemination of new materials and to incorporate them into its framework. Syll- 
abuses, examination papers, and assessments must include the new ideas that have been adopted. 
One cannot ignore the fact that examinations in many countries are themselves significant diss- 


emination mechanisms. 


Dissemination vs. publicity 


culum development project, effective dissemination is a major 
are available for this important task should be fully utilized if the 
dey i be accepted by the target population. A fine line must be drawn in 
es e Se ELEN blatant publicity, which will be regarded as self-serving, and 
the provision of information for intelligent decision-making, which is a valuable contribution to 
the educational process. Dissemination activities should be designed to provide information while 
maintaining academic integrity, for without such information, informed decisions cannot be 
made. If no basis for decision-making has been provided, curriculum development projects are 
likely to fail, regardless of their high aims and potentially valuable contributions. 


Whatever the scale of a curri 
responsibility. Whatever means 


SUMMARY AND RECOMMENDATIONS 


Evaluation must be an intrinsic part of the design of every new curriculum. It begins with a needs 
assessment and establishes objectives designed to fill those needs. It precedes curriculum develop- 
ment, is an intrinsic part of it, and may continue for years after the curriculum has been intro- 
duced in the schools. Likewise, dissemination planning with a view to implementation of the 
programme as envisioned by its designers must accompany every stage of the curriculum develop- 
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ment process. Intelligent use of dissemination will ultimately lead to the acceptance and implem- 
entation of the finished product. Both evaluation and dissemination schemes are dependent upon 
the curriculum developers for their success, but the curriculum developer, in turn, is responsive to 
a wide variety of publics before his contribution can find its way into the hands.of the intended 
student population. The skill with which evaluation and dissemination techniques are used often 
spells the difference between the success or failure of a curriculum innovation. 


Recommendations 


I. 


2. 
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Formative evaluation of a programme could be done by the curriculum developer, but the 

summative evaluation should be done by a technical and independent group. 

Regional centres dealing with biology education should be strengthened and their role in 

dissemination should be supported. (publishing and distributing technical reports and pract- 

ical papers dealing with case studies of curriculum evaluation). Stronger links should be 

established among various national and regional centres to facilitate exchange of inform- 

ation on curriculum development and evaluation. 3 

The (TUBS-Unesco) should be strengthened and supported in order to reflect the various 

trends and experiences of curriculum evaluation and dissemination. 

The publication of a handbook for curriculum development and evaluation appears to be 

very useful; it would consist of two parts: 

— comparative survey of various practices of curriculum evaluation; ; 

— practical models of curriculum evaluation of various levels of complexity and sophist- 
ication to fit the various needs of the countries in accordance with their resources. 
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INTRODUCTION AND HISTORICAL BACKGROUND 

With the emergence of the public secondary school in the latter half of the nineteenth century 

and the expansion of college studies to include more science, the teaching of biology begun to 

acquire a prominant role in school curricula. Early studies drew heavily on distinguished scholars 
he latter commonly associated with studies in medicine. 


in botany, zoology and physiology, t : 
formation, usually organized according to taxonomic 


Textbooks were largely catalogues of inform 
systems or, in the case of physiology, according to systems of the body. Instructional methods 


stressed memorization of factual details with a minimum of emphasis on important biological 
concepts which serve to organize the known facts and to provide an understanding of the way in 
which living systems function. 

The period from 1850 through the first quarter of the twentieth century was characterized 
not only by an expansion of factual knowledge about living things but also by the development 
of explanatory models or broad, general concepts that explained some of the observed regularity 

ts of evolution, genetics, cell and germ origin or disease are a few of 


in living systems. The concep : 3 i 
the major explanatory concepts advanced in this period. At a later stage, we will show how the 
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š : in 
concepts embodied in a discipline play an important role th pa e It will be 
new knowledge in the discipline and how pes teen E and that concept learning 
argued that concepts ! play a central role in ratior chological model for 
SRON LPE ee O Aeon ire rep oer bee penne rand GS role of concepts in 

i hat places emphasis on the r a ae : 
peered a el bee that there ae one viable theory of cognitive learning broad enough to 
mest ant demands the learning'theory of awd P. Ausubel (T968) lerating, rate, it became 
As new knowledge in the sciences continued to accumulate at an acce 2o ce diona 
increasingly evident that new approaches to science instruction were nee : s De nay 
‘survey’ of knowledge, phylum by phylum in the biological ge m i shifted from scholars 
deficient. In the United States, textbook authorship at the inet = aa sire tenes CHES: 
in universities to teachers and headmasters in public and private schoo = encerof knowledke 
concerned with research to teachers in schools led in part to the later obsolesc lum programmes 
of secondary programmes that provided one of the incentives for new cae jane entstantisl 
supported in the United States by the National Science Foundation an ons llel pattern 
contributions from distinguished research scholars (cf. Hurd, 1961 ). A somew “ ap fhe: Nared 
occurred in England when new programmes were developed with the suppor cis i ES 
Foundation. At the college level, numerous efforts were made to devise ET ie solutes by 
instructional approaches. Some of these ‘innovations’ have been describe i Aeration: My th 
McGrath (1948) and Haun (1960), both volumes entitled, Science in genera i A AA 
elementary school level, science was being increasingly recognized asa valid = ae curriculum 
federally sponsored programmes for elementary schools were included in mas of new course 
development years of the 1960’s. (See the chapter on ‘The development and design 
in secondary biological education’). i ing of 
Most of the curriculum development projects of the 1960’s focused ai aed a ear 
content and on ‘methods of scientific inquiry,’ the latter patterned along the ea Foou 
Logic of scientific discovery (1959). The American Association for the jee saphasize 
sponsored an elementary school programme, Science: a process approach, designe None of 
‘scientific processes’ according to a hierarchical structure advocated by Gagne (1965). on the 
the major United States or United Kingdom curriculum projects placed a central focus z and 
nature and role of concepts in scientific discovery, nor on the role of concepts for learning 
understanding science (cf, Novak, 1969). f others 
Without neglecting the Contribution of genetical psychologists (Piaget, Brunei, TN and 
an as Freinet, Montessori, and the work by teams from the Nuffield Projects, m eet os 
ee INRDP, which emphasize the building up of science by the pupils, this chapter wi tenite 
the importance of the conceptual framework of the discipline to be taught and of a sys it 
analysis of instructional alternatives selected to maximize concept learning by the SD sie 
ee ie ioy new insights from learning theory can guide and support the design of in 
o facilitate learning for Students with a wide range of learning aptitudes. 


THE CHANGING EPISTEMOLOGICAL FOUNDATION OF SCIENCE 


There 
gical s 
generally recognized is that t 
changed. 


has been much Progress in the sciences dur 
ciences where our knowledge of living syste 
he nature of 


ing the past century, particularly in the red 
‘Stems has changed enormously. What has not ne 
Science as an active search for knowledge has als 


The history of modern science goes back to the writings of Copernicus in the early 1500’s 


E There are many eng varied definitions of concepts. According to Novak, it is useful to define concepts, as ‘a description ofa 
regularity among tacts or other concepts’. Facts are defined as records of events and events are things that we observe happening 
t are t 


or make happen. Thus, an experiment produces events tha recorded as observed facts whose regularity we try to explain 
with relevant concepts. Sometimes we need to invent new Concepts to explain the regularities we observe 


100 


The understanding of the learning process 


and Galileo in the early 1600’s. Both of these men were careful observers of nature, as were 
Aristotle and others, but unlike their predecessors of antiquity, they sought explanations of 
phenomena not through properties inherent in the objects themselves, but rather through relat- 
ionships between objects frequently expresses in mathematical terms. Thus, Galileo found that 
large stones fall at just the same rate as small stones even though the latter weigh less, and so on. 
The early seventeenth century was a period when interest in observing nature was burgeoning 
in Europe, a time when many educated gentlemen saw science as a suitable intellectual hobby. 
Francis Bacon joined in the sport of performing experiments and observing nature; however, 
his most important contribution was his extensive descriptions of methods for studying nature. 
His early writings and especially Novum Organum, written in 1620, spelt out the dogma of 
scientific practice: 
‘The subtilty of nature is far beyond that of senses or of the understanding; so that the 
specious meditations, speculations and theories of mankind are but a kind of insanity. 
only there is no one to stand by and observe it’. (1620, 1950 p. 107). 
Bacon and others drummed home the point that science would advance best if we observed 
nature unfettered with preconceptions of what should be seen or how nature should behave. 
Given the speculative, philosophical character of much early and medieval science, the emphasis 
placed on careful observation and on neglect of irrelevant preconceptions was a necessary stage 
in the evolution of science as an enterprise for gaining new knowledge. Bacon’s influence cont- 
inued throughout the seventeenth, eighteenth and nineteenth centuries. For example, Darwin 


wrote: ae z 
h bore in any way on the variation of animals and plants 


. . . ‘By collecting all facts whic y l 
under EATR and nature, some light might be thrown on the whole subject. My first 
notebook was opened in July 1837, I worked on true Baconian principles; and without any 


theory, collected facts on a wholesale scale’ . . . (p. 67, 68). wet 
We know, of course, that Darwin went beyond a description of the facts he observed during his 
voyage in the Beagle; he later formulated and expressed in detail his theory of evolution in The 
origin of species (Darwin, 1859). And we also had the ‘laws of Kepler in astronomy, Newton in 
physics, Lavoisier in chemistry and Pasteur in microbiology. All these ‘speculative’ conceptual- 
izations notwithstanding, Karl Pearson still wrote in 1900: S k " 

‘The unity of all science consists in its method, not in its material. The man who classifies 

facts of any kind whatever, who sees their mutual relation and describes their sequences is 

applying the scientific method and is a man of science. (p. 12) (italics in original). 

... As I interpret that theory (Darwin's evolution) it is truly scientific, for the very reason 

that it does not attempt to explain anything. It takes facts of life as we perceive them, and 

attempts to describe them in a brief formula .. (p. 356). 4 
After Pearson we had Einstein’s work; Mendel’s genetics was rediscovered and modern genetics 
emerged; quantum theory was developed. These and many more conceptual frameworks were 
devised to facilitate the observation of nature and to guide the design of instruments and exper- 
iments. But we still find leading philosophers of science propounding the view that experiments 
and observation are the core of scientific enterprise and the crucial issue is the logical relat- 
ions between experimental facts and hypotheses. Karl Popper (1934, 1959) asserted that, ‘the 
results of an inquiry into the rules of science—that is, of scientific discovery—may be entitled, 
‘The logic of scientific discovery’.” (P- 53). Since the dogma developed by Bacon was established, 
that science was based on observation and experiment and that the methods used to perform 
these impartial, impersonal observations were the essence of science, we have had three hundred 
years of acceptance of this dogma. A ‘ 

In the 1950’s, however, there began to emerge a new view of science, led by people who 
were careful students of the history of science. They found in the life and letters of the practicing 
scientists a central role of speculative conceptualizations; important and crucial choices of 
experimental procedures were determined by what Polanyi (1957) called passion, and not logic; 
and a growing recognition that in science, as in other human enterprises, the conceptual heritage 
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largely governed what a scientist saw and how he thought. Conant expressed this in On under- 
Standing science (1947) and his protege, Thomas Kuhn, developed the thesis that the concept- 
ualizations or paradigms that guide the scientist’s work determine the methods he will use and 
what he will see in his observations. Kuhn’s (1962), The structure of scientific revolutions, while 
criticized for ambiguity in definition of paradigms and for emphasis on the ‘revolutionary’ 
transition from old to new paradigms, nevertheless helped to deal a death blow to the myth 
that science was a ‘logic of discovery’ or a nonsubjective data gathering enterprise. 

More recently, Stephen Toulmin (1972) has shown that Popper and others are caught in 
their own logical traps in that their search for scientific ‘truth’ through logical methods leads to 
an ‘infinite regress’ whereby something must be assumed to be true, and whereby, in checking 
back on our assumptions, we eventually find some a priori ‘truth’ that must be taken on trust. 
Rather than pursue a ‘logic of discovery’, Toulmin argues that we should accept that rational 
thinking and logical thinking are not identical: 

‘A man demonstrates his rationality, not by a commitment to fixed ideas, stereotyped 

procedures, or immutable concepts, but by the manner in which, and the occasions on 

which, he changes those ideas, procedures and concepts’. 2. 
To Toulmin, rational behaviour is the key to advancing knowledge and rational behaviour is 
described by the ways in which concepts are used to observe and to interpret phenomena. More- 
over, there are no absolute’ concepts that remain true and viable for all time, so that what is 
rational behaviour in one decade or century may be irrational behaviour in another period. For 
example, when the “creationists” concept was dominant in society, it was irrational to suggest 
that living things aswe see them evolved gradually from ancestral forms for this conflicted not 
only with literal interpretation of the Bible, but also with the ‘fact’ that too many changes were 
needed in the brief span of time from 4004 B.C. when the earth was allegedly formed. As various 
lines of evidence began to Suggest that the world was much older—billions of years old—the 
creationist concept lost a major intellectual prop, and now it is irrational to assume that catas- 
as rather than evolutionary models best explain the world we observe. Toulmin argues that 

uman understanding is based on the concepts that man holds at any point in history and that 
the concepts are evolving: 


Concepts, like individuals, have their histories, and are just as incapable of withstanding the 

ie of time as are individuals’, 
Peter pk the history of science is beginning, when increasingly the historians and 
ae ee tee be discussing more accurately what it is that the scientists have cone 
amot a ee y e Sewer shock waves when future Nobel Prize winners admit to o 
a i aa? Playa p as did James Watson in his book, The double helix (1968). “| 
See a rae ak rap Clives of the nature and history of science that one writer has aske i 
be myto tes — be rated X? (Brush, 1974). Elementary science textbooks an 
ropu i o aed tan a a distorted view of science and scientists that Brush — 
objective, mythological meneh doa Piadina a 

To sum up, if science is recognized = 
methods of inquiry and our imterpretation. 
focus on concept learning? According re 
for a theory of learning that 


olving populations of concepts which guide both our 
S of our findings, should not science instruction also 
can give guid Novak, the answer is yes. Therefore, one has to — 
ion to effect learning in biology wh ance in the Process of planning curriculum and instruc 

for selecting Ausubel’s theory ov the Soncept learning is at the heart of our effort. The reasons 
(Novak, 1975), Y Over the Werk of Gagne, Piaget or Skinner are presented elsewhere 


egin with, it is important to distinguish between three types of learning: cognitive learning, 


The understanding of the learning process 


affective learning and psychomotor learning. Cognitive processes are those by which we acquire 
and use knowledge; They are what most people mean when they speak of learning, especially 
school learning. Cognitive learning results in organized storage of information in the learner’s 
brain and this organized complex is referred to as cognitive structure. Affective experience results 
from signals that arise within the individual, and these are identified as pleasure or pain, satis- 
faction or dissatisfaction, contentment or anxiety. Some affective experience always accompanies 
cognitive experience, and hence affective learning is concomitant with cognitive learning; but 
the important thing to recognize is that we as educators can only arrange for the cognitive 
experience, and therefore this should properly be our focus of attention. Psychomotor learning 
involves training of muscular responses through practice, but some cognitive learning is usually 
an important element in the acquisition of psychomotor skills, e.g., piano playing or ballet 
dancing. - y aaa r 
Ausubel’s theory deals primarily with cognitive learning. This is not because he has little 
interest or expertise in the area of human emotions; he is in fact a practicing psychiatrist. 
According to Novak, this cognitive learning theory is the most useful and comprehensive learning 
theory available. The discussions in this chapter focus on cognitive learning not because affective 
experience is unimportant, but because there is much immediate promise for improvement of 
biology teaching through the application of Ausubel’s cognitive learning theory. 


Meaningful learning 


The most important concept in Ausubel’s theory is what he describes as meaningful learning. 
Meaningful learning occurs when new information is linked to existing relevant concepts in the 
learner’s cognitive structure. For example, a student who observes that a phasmid is not a stick 
but an insect, with eyes, legs and other things that insects have, has not only learned to recognize 
this species but can relate his new learning toa large array of information he may possess regard- 
ing insects. The example also serves to illustrate another important principle—the degree of 
meaningfulness for a new learning experience will vary from student to student depending on the 
adequacy of his relevant concepts. A child who knows little about insects will not have the 
same meaningful learning experience in an encounter with a new insect as will a child who has 
Aries ener alg ee learning, it is also possible to learn new information with little or 
no linkage to existing elements in cognitive structure. This is generally regarded as rote-learning. 
However, the meaningful-rote distinction is not a dichotomy but rather a continuum. Even 
learning telephone numbers has some degree of meaningfulness, for we know that in the United 
States and Canada all numbers are seven-digit, and that the first three numbers in any city 
commonly represent a given district; when one knows this, only the last four digits need to be 


learned by rote. 


Subsumption and obliterative subsumption 


In tł ingful learning, new information is linked with existing concepts in cog- 
ieee gt none this is a dynamic process and both the new information and the exist- 
ing potas URE ee structure are somewhat altered. To emphasize this point, Ausubel calls 
ie ce a potent concept in cognitive structure the subsuming concept or subsumer. The 


linkage of new information with a relevant subsumer in the course of meaningful learning is the 
a ; pane ie 
Process of subsumption. Ausubel symbolizes the process in this way: 
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Subsumption: A + a e A‘a’ 
existing concept new relevant modified concept 
in cognitive information to in cognitive 
structure be learned structure 


This process is shown graphically in fig. 1. 


For a period of time, the new information learned (‘a’) can be recalled almost in its original 
form, but in time it will no longer be dissociable from the subsuming concept. In this case oblit- 
erative subsumption has occurred. Obliterative subsumption is different from forgetting as it 
occurs in rote learning. After obliterative subsumption, the residual concept remains and much 
of the growth that occurred during subsumption is retained so that this concept is strengthened 
and more capable of facilitating new meaningful learning in the future. In contrast, after forget- 
ting has occurred following rote learning, new similar learning is actually retarded by a process 
described as interference. We have probably all had the experience of having difficulty in learn- 
ing a new telephone number that is similar to an old number which we can no longer reliably 
recall. In contrast, learning the characteristics of a new plant or animal that belongs to a family 
we know well may take place with one or two reviews of the information. 


Superordinate learning 


In the course of meaningful learning, new facts may be linked to concepts in cognitive structure 
thus strengthening and broadening those concepts. It is also possible for new learning to result 
in new associations between concepts. For example, as a child’s concepts of dogs, cats, lions, 


SUBSUMING 
CONCEPT 


NEW 
@ knowLence 
© ELEMENTS 
SS © 
SUBSUMED 
KNOWLEDGE @ @ 


ELEMENTS 


Fig. 1. In meaningful learning, new knowledge is subsumed by existing Concepts in cognitive structure 
n nt e str - 


104 


The understanding of the learning process 


etc. develop, he may learn that all of these are subordinate groupings of a more general class— 
mammals. As the concept of mammal is developed, the previously-learned concepts of dog, cat, 
etc., take on a subordinate relationship and the concept of mammal represents superordinate 


concept learning. 


Progressive differentiation and integrative reconciliation 


As the subsumption process pr 


erentiated. This process 


of instruction to make deliberate e 


with previously learned, 


In the course of learning an 
example, as a student studies botany, 
as fruits even though they represent th 
ing in nutrition may have included peas and b 
of vegetables. Thus it is important 
groupings from classifications accor i 
ing meanings between concepts are clari 
essary process and should be gui 
and progressive differentiation 


oceeds, existing concepts become more elaborated or more diff- 
d over days, weeks or years, and it is important in the design 
fforts to encourage students to associate new information 
oncepts, thus progressively differentiating these concepts. 
d concept differentiation, conflicting meanings may arise. For 
he may find confusion in recognizing pea- or bean-pods 
e mature, ripened ovary of a flower. His early home train- 
eans along with carrots and beets in the category 
to distinguish between plant structures according to food 
ding to botanical concepts. The process by which conflict- 
fied is known as integrative reconciliation. It is a nec- 
ded by the instruction. Usually both superordinate learning and 
occur simultaneously as concepts are clarified and integrative 


may exten 


relevant c: 


reconciliation is achieved. 


Advance organizer; cognitive bridge 


One of the most misunderstood ele 
When the concept was first intro 
designed instructional sequence 
would facilitate learning of t 
vance organizer was that it sho 


ments of Ausubel’s theory is his concept of advance organizer. 
duced in 1960, Ausubel showed evidence that a properly 
(the advance organizer) introduced prior to new information 
he latter. The characteristic that Ausubel emphasized for the ad- 
uld be more general and more abstract than the information to 
to facilitate ‘meaningful’ learning of the new material. Much of 


foll i serve 
ow and that it should e to test Ausubel’s theory has centred on this single concept, but 


the research that has be 


unfortunately Ausubel’s origina 


that have been used. 


The crucial element of an adva 


ation to be learned wit 


into account the nature of the lear 
the new material to be learned. * 
nonsense words or to link new 1m 
cepts.! For this reason the 
phasized and reference will 


izers. Cognitive bridges 


guidance as to which concept: | 
ingfully. They also help to signal what wi 
these may bear a subordinate OF super 


1. Although Ausubel suggested 
iliar (i.e., unrelatable to existing 


en don x z A 
k | intention is seldom achieved with the type of advance organizers 


nce organizer is that it should serve to link the new inform- 
oncepts in cognitive structure. Rarely have researchers taken 
ner’s cognitive structure and the potential meaningfulness of 
d. It is unlikely that an advance organizer can be written for learning 
formation that cannot be related to any of the learner’s con- 
“linking” OF “bridging” function of advance organizers should be em- 
hereafter be made to cognitive bridges rather than to advance organ- 
short segments of learning material that provide the student with 
ts in his cognitive structure might best be employed to learn mean- 
ll be the key concepts in the new material and how 
ordinate relationship to concepts the learner already has. 


h existing © 


are 


» advance organizer could be used to facilitate learning of completely unfam- 


that an “expository aa z DEt fect 
cognitive structure) material, the empirical evidence indicates that this view should be rejected. 
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An example of a cognitive bridge commonly used in biology is the concept of structure- 
function complementarity. When attention is called to this concept prior to instruction on the 
nature of xylem elements, or bone or cartilage or other structures, the probability of meaning- 
ful learning resulting in progressive differentiation and integrative reconciliation of concepts is 
enhanced. 


Problem solving, discovery, inquiry 


According to Ausubel’s theory, the crucial test for meaningful learning is the ability to solve 
relevant novel problems. If a student has learned meaningfully some aspect of gene structure or 
function, he should be able to solve novel problems of genetics relevant to that learning. 
Problem-solving ability then derives from cognitive structure differentiation and is concept 
specific. To be sure, some broad concepts bear upon a wide array of problems, but usually more 
specific, subordinate concepts are also needed to solve a given problem. Thus, from an Ausbelian 
view, there is no general strategy or logic of discovery, except the general strategy of meaningful 
learning. And meaningful learning is primarily a function of concept development and integrative 
reconciliation. Most curriculum development efforts of the past two decades have focused on 
‘inquiry’ or ‘discovery’ methods as an alternative to the rote learning that has been so common in 
schools, Consequently, they have ‘thrown the baby out with the bathwater’. They have failed to 
recognize that the direct facilitation of concept learning is not the same as teaching for rote 
te and that it is the only way substantially to enhance problem-solving or inquiry capab- 
ities. 
, It should be noted that the act of problem-solving is actually a process of meaningful learn- 
ing. As an individual gathers information from the problem situation, he meaningfully internalizes 
new elements, thus differentiating some concepts further and forming new associations among 


subordinate and/or superordinate concepts. Problem-solving is in reality no more than a special 
kind of meaningful learning. 


Creative ability 


There are many different 
involve some form of nov 
design; for the musician, 
clever experiment or a new 
on a store of knowledge a 
an advanced form of supe 
dependent upon the pres 
capability usually measure 


descriptions of creative ability, but they agree in one respect—all 
el Product or solution. For the creative architect, the product is a 
it may be a ballad or symphony; and for the biologist, it may be 4 
model for gene structure. In every case, the creative person is drawing 
pa synthesizing a new ‘solution’. The creative process is essentially 
rordinate concept differentiation and integrative reconciliation. It is 
ence of many low-order concepts and facts (our equivalent of the 
d by 1.Q. and standardized achievement tests), but crucially dependent 


j pacity for, an i a tae super 
ordinate concepts. fi d emotional proclivity to, structure high order, sup 


Unfortunately, much of 
ing of low-order, specific concepts. The re 


Ta E PY of high-order concepts for facilitation of ne 
ir “hi S ew knowledge is so great that “high creatives” do as well or 

on t y a ai classmates even by the criteria used in schools! (cf. Getzels and 
rrelati ith T Il orrance, 1962). The creative Output of scientists on the job bears also nO 
co: ion with college grades (Harmon, 1963) and ability to use high-order concepts in solving 


physics problems is negatively correlated with : . 3 rs- 
land and Novak, 1974), some Scholastic Achievement Tests (SAT’s) (Tho 
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Genetic and environmental factors 


ver the question: What is more important, nature or 
is that both are important. Most people (i.e., all but 
the organically brain damaged or emotionally incapacitated) are capable of learning most ord- 
inary school subject matter. There will be both genetically and experientially rate limiting fact- 
ors, and hence accommodation for differences in learning rate is crucially important. This is 
why the importance of individualized approaches to instruction should be stressed. We also 
know that superior instructional practices generally result in a greater spread in achievement, so 
we should not expect improved teaching to achieve educational egalitarianism. Nevertheless, 
we can expect everybody to master a wide enough array of concepts and methods of using 
concepts so that human activities can have the rational basis Toulmin describes in Human under- 


standing. 


For centuries there has been controversy O 
nurture? We know now that the answer 


Affective learning 


rmation for affective learning lies within the indiv- 


Unlike cognitive learning, the source of info : S A 
nse always accompanies cognitive learning and thus 


idual. However, some form of affective respo 


we can influence affective learning only indirectly. ~~ f , 
One of the most important affective responses 1s the positive reaction experienced when an 


individual recognizes that he has meaningfully learned new information, especially when the new 
learning results in successful problem-solving. ‘This | positive emotional response provides motiv- 
ation for new learning and, because of its origin, it 1s referred to as achievement motivation or 
cognitive drive motivation. A form of achievement motivation is also produced when psycho- 
motor tasks are mastered. There are other forms of affective experience that produce motiv- 
ation which will not be described here, for it is essentially achievement motivation that provides 
the continuing desire to learn for the satisfaction of learning. . i 
If achievement motivation is recognized as an important consequence of teaching, one is 
compelled to consider those instructional practices that are most likely to produce successful 
meaningful learning. This will be an important factor in instructional design as indicated later in 
thi 

his chapter. nfluence resulting from meaningful cognitive learning, 


In additi ositive affective i : m 
ddition to the p ovide students with positive affective experience. Carl 


we can a eek other ways to pr POs! 
Rogers he sient have emphasized that a teacher who is viewed by students as accepting 


their interests and their worth can have a strong positive influence on cognitive learning and on 
students’ affective growth. This is an area where much progress is needed in schools and colleges. 
Too often the authoritarian posture of the teacher leads to negative attitudes in students toward 
both the teacher and the subject matter. Students striving to maintain their ego image of personal 
adequacy are forced to reject an attack on their self-perception such as is usually engendered by 
authoritarian teaching. In a study of outstanding secondary schools in the United States, Novak 
found an emerging trend toward more “humanistic” educational practices that foster co-oper- 
ation between students and teachers through shared involvement in selection of learning mater- 

ccess (Novak, 1972). There is no substitute for the warm, accept- 


ials and evaluation of learning succe: Se : : 
ing, human teacher if we seek to achieve strong, positive affective growth in our students. 


Value learning 


The acquisition of values is a composite of cognitive and affective learning. The values we hold 
of the concepts we have. This is true both for an individual and for a 


are in pa tion ies : : : 
a re: This definition of values can be seen in operational form in the changed 


107 


New trends in biology teaching IV 


societal values regarding pregnancy and birth control as new knowledge has become available 
in the past half century. Because an individual’s values are rooted in the totality of his cognitive 
and affective experience, they are not easily modified, positively or negatively. The best avenue 
for influencing students’ values is through planned cognitive learning experiences where the 
student experiences success. The best way to change students’ values regarding the importance of 
maintaining environmental quality is to optimize learning successes for those concepts which are 
important in understanding the dynamics of our environment. 


The parsimony of Ausubel’s theory 


There are more than a dozen theories that deal with some aspects of cognitive learning. Ausubel’s 
theory is characterized by the succinct way in which it accounts for most of the cognitive! fact- 
ors crucially important in school learning. The basic idea of progressive differentiation of con- 
cepts in cognitive structure and the facilitation of learning that derives from these concepts serves 
to explain most of the phenomena that should be of central concern to teachers and to students 
for all age levels. No other learning theoretical framework has at once such basic simplicity and 
such comprehensiveness. From the history of science, it is clear that the most succinct theories 
usually are the most productive of new knowledge. Certainly the advance of cell theory and 
DNA as the molecular structure of the gene stand as two classic examples of succinct explan- 
ation that have had value in biology. 


CURRICULUM AND INSTRUCTION THEORY 


it has already been noted that the major biology curriculum projects of the past two decades 
have placed central emphasis on the updating of content and on ‘discovery’ or inquiry approaches 
D learning. To be sure, there has been an enormous advance in knowledge in biology. However, 
ee memorization Of cranial nerves or class and phylum characteristics of plants and 
ecology i me Fete ation of the structure of amino acids or definitions of newer terms 10 
Pa oe iology does not profit society to any appreciable extent. And if the ‘inquiry 
ously) was linite a to characterize laboratory work (albeit, few classrooms practiced it ei 
have been less i a priori grounds, it is no wonder that the results of the new oar 
Principal deficienc ene (cf. Travers, 1973; Novak, 1974). According to Novak pa 
delineation of oe = pan: instructional programmes in biology has been the lack of care : 
that optimize the adena © taught and of any deliberate effort to select instructional materia s 
ing theory indicates that = opportunity for meaningful learning of these concepts. Modern learn 
how the curriculum and j Oncept learning should be the focus of attention, and it will be show? 
and instruction theory of Johnson (1967) complements this view. 


A n 
Johnson’s model for curriculum and instruction 


oO. ; . . 

ecis a K d Fo ben Johnson’s (1967) work has made is to distinguish those asp- 

aspects which focus on nmariy with extracting knowledge from the disciplines from those 
Presentation to learners. The former, which Johnson identifies as cur? 


1. Once again it is important to note that the i iti 
: affective i si i es 
learning successes. Thus, a theory of learning that. can gee Pt students sie dnote to chem i eet an Ì 


earning, T : ly > arily has 
implications for positive affective learning, sment the quality of cognitive learning experience necessarily 
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iculum issues, include the process and criteria for selecting and ordering the knowledge, skills 
and attitudes to be taught to a given audience; whereas the latter are instructional issues, and 
include selection of the best examples, teaching modes and instructional settings. The most 
important aspect of curriculum development is the selection and ordering of concepts to be 
learned. This most important aspect of instructional development is to select the examples or 
activities which will be meaningful to the target audience (i.e., which will best relate to the 
framework of concepts in their cognitive structures). 

The significance of Johnson’s model is that it allows us to avoid the trap of confusing the 
process of extracting knowledge from a discipline with the process of selecting good instruct- 
ional approaches. It was frequently assumed in the past that because a given instructional 
Strategy or set of examples failed to teach a concept to the majority of the class, that concept 
was ‘too difficult’ for that class or age group. There is a growing body of evidence to indicate 
that some reasonable degree of learning for almost any concept! can take place if proper instruct- 
ional sequences are provided and examples and activities are used that will relate to the prior 


experience of the learner. 
___ The work of Piaget and his fo 
difficult for children to acquire befo. 


Jlowers has shown that some kinds of abstract concepts are 
re the age of 12 or 14 years. Unfortunately, Piaget’s work 
has been misleading in that it suggests that young children cannot engage in abstract thinking, 
whereas this is true only for the types of concepts tested in Piagetian interviews which require a 
broad base of relevant experience and subordinate concept learning. Recent studies have shown 
that 80 per cent or less of adult population also fail to perform some of these tasks, but the 
most succinct explanation is not that these adults lack the capacity for ‘formal thinking’ but 
rather that they lack the relevant framework of specific concepts needed to perform the tasks 
(cf. Novak, 1974, 1975). Ausubel’s theory of progressive differentiation and integrative recon- 
ciliation of concepts in cognitive structure accounts nicely for both the failure of some adults 
‘to conserve volume or weight’ and the fact that a significant percentage of young children can 

inking tasks. Ausubel’s model explains not only how spont- 


perform these and other ‘formal’ t A : 
aneous? concepts are learned but also how we can alter educational experience to augment the 


acquisition of specific concepts in any discipline. _ , 
y ideas in Johnson’s model. Curriculum concerns are 


Fig. 2 shows schematically the key 10° : 
shown a the hh of the diagram and instructional concerns are on the right. Evaluation provides 
feedback information for modifying both the curriculum and the instructional decisions, as well 
as providing feedback to the individual learner. 


THE ROLE OF CONCEPTS IN BIOLOGY TEACHING 


Ausubel’s | ing theory and Toulmin’s epistemology demonstrate that concept learning is 
central to reget mat: of an understanding of the biological world. Johnson’s model for 
curriculum and instruction can be employed usefully to distinguish between the curriculum 

ts from biology and the instruction processes involved in 


Process i i lecting concepts fron é 
Selecting ad Al examples and activities. For example, the concept of the cell as a basic 
b is one that might be taught at any grade level. However, young 


unit of bi ice ucture 1 a : 7 : 
biological str that we usually do not offer instruction with microscopes much 


children’ ills are such i OSE k ; 
toe. n ones on grades. There are also practical limitations regarding the financial support 


to have been too categorical, for only under special circumstances can any subject 


w recognized i: 
5 nest form to any child at any stage of development”. 


1. Bruner’ t is no 
r’s (1960) statemen’ v ollectually ho 


“be taught effectively in some in 


2. V istinguished between ‘spontaneous’ concepts which children acquire in the normal course of matur- 
aon eed a Len Coe A ich are learned formally, usually in schools. This has been a source of controversy, but 
Vygotsky’s ean : ce 934 ended his contribution, whereas Piaget is active today; both were born in 1896. Most educators who 
follow Piaget fed o oroit the important distinction between learning of spontaneous and scientific concepts. 
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Curriculum 
(structured series 
of intended 
learning outcomes) 
ILO's 


Curriculum 


Structuring 
criteria 
Development | ——> 


ae System 
Selection 
criter 


Instructional 
~| system 


Feedback 


Actual learning outcomes 
(ALO's) 


| a Instrumental 
Available, © T content (exemplars 
and activities) 


Instructional Evaluation 
Teaching Program 


behaviour 
repertoire | 


Fig. 2. A simplified version of Johnson’s (1967) model for curriculum and instruction. The curriculum development sr 
(left side) is distinguished from the instructional system. Evaluation provides feedback on the extent to which “inten 


learning outcomes” (ILO’s) are achieved by the learners as “actual learning outcomes” (ALO’s). The curriculum and/or 
instructional programme can be modified accordingly. 


for elementary school science and the average teacher’s ability to guide instruction in cell pp 
Therefore, the study of cell concept is postponed for reasons of instructional difficulties, an 

not because of the limitations of children’s learning capability, as parents who have purchased 
microscopes for young children well know. Even at the college level, students’ concepts of cells 


as highly organized, controll carefully selected 
experiences, rolled, energy transfer systems develop slowly through y 


does eae ee example also shows that knowledge is hierarchically organized. +“ 
most instructional subordinate concepts and some of the relationships between concepts. bi 
The reason for dix ue it is best to begin with the most general, most inclusive conc’ ra 
ing concepts in ine i at the general concept can more frequently and easily be related to iaa 
bridges” are used n earner’s cognitive structure, especially if carefully selected pre aa 
and move throu h ne could begin the study with the obvious green colour of most plant 

£7 a Succession of questions and observations to show that the green pigment JS 


enclosed in small bodies (chl ith; a erve 
as light energy pee Oroplasts) within larger bodies (cells) and that the chloroplasts $ 


) e 
world tates ie Sa eeka a A follow the learning model of Gagne (1970), on 
Obviously this is seldom an expeditious poke 
differentiation and integrative reconciliation e 
the more general to less general emer 
instructional sequences. This is shown schemat; 
; ce a field studies serve two 
lences with real objects ; 3 j 
cept labels as cell! akan oe ei no p pee 


inati some itive di tiation, they 
combinations to form seco degree of cognitive differen 


ndary concepts, e.g., ecosystem, evolution me 
nce of “hands-on experience” for children, bu 
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GENETIC & DNA CONTROL 


Cellular DNA 
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Chloroplasts Mitochondria 


a 


Chlorophyll 
Synthesis 


Conceptual hierarchy for the Cell Concept. 


Fig. 3. 


oO —— 
FIRST INSTRUCTIONAL 
ELEMENT OR 


COGNITIVE SROGE 


@® SPECIFIC 
EXEMPLAR OF 


MORE GENERAL 
CONCEPT 


© RELATED TO 
ANOTHER SPECIFIC 
EXEMPLAR 
hy (letters) showing instructional sequences (numbers) 


a of a conceptual hierarci 
tion of higher order concepts and integrative reconcil- 


i Schem: 
FES to achieve progressive differentia 


jation of concepts. 
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such experience is needed at all age levels whenever new primary concepts are to be learned. 
However, older children may require substantially less concrete experience than, say, elem- 
entary school children since their greater range of past experience permits them to discern 
essential attributes of events or objects that are necessary for primary concept development. 
It is true, of course, that this apparent “sophistication” is sometimes unreal, and hence high 
school or college students will do less well than children when they are given materials from 
which they should derive primary concept meanings. The result is that both their primary 
concepts and the derivative secondary concepts are faulty and can be misleading in subsequen 
learning and/or solving. i er 

The second important benefit of laboratory and field studies is that this kind of oe 
ience can easily be designed to test for concept meanings. As new objects or instances of os 
ogical processes are presented, students have an opportunity not only to differentiate concepts 
further, but also to test the clarity and meanings of their concepts. The national curriculum 
projects rightly stressed the important role of laboratory and field study for enquiry learnin 
(cf. Schwab, 1962) and problem-solving experience, but they failed to recognize the centra 
role of concept learning from which other desired behaviours derive. f 

A third important role for laboratory and field experiences is the social exchange ae py 
take place and lead to positive affective development and co-ordinate growth in positive va tes 
However, these aspects are not restricted to laboratory and field work; the latter simply a n 
golden opportunities to encourage positive affective responses when skillfully planned. i 
affective development and value learning become increasingly important in our schools, we = 
likely to see the important role of problem-solving experience subordinated in laboratory an 
field work to the development of positive attitudes and values. 


A SPECIFIC EXAMPLE—APPLYING THE THEORY 


Ausubel’s learning theory places the central focus of instruction on concepts. It is also impartan? 
to consider for each lesson ‘what the learner already knows,’ i.e., the concepts the students E 
that are relevant to a new learning task and the range of differentiation (or development) of me 
concepts. Gifted teachers have intuitively recognized these facts. One approach used by t 
gifted teacher is to show some phenomenon or object and ask the students, ‘What do you know 
about this? More explicitly, the approach translates thus: 

1. Show events (things or phenomena). 

2. Ask or have students record what they observe (identify the pertinent facts). d 

3. i? what is going on (apply concepts that explain the regularities in the observe 

acts). 

To use an example familiar to biologists, let us consider the demonstration of bubbles emerging 


from an Elodea plant in an inverted test tube with water and a variable light source. Students 
observe and record these ‘events’. 


1. green plant (submerg: 

2. bubbles rise 

3. water; 

4. white light of variable intensity; 

5. bubbles more numerous with more light. i 
Now we ask them to see what concepts they have that explain “what is going on here”. TS 
might be done in a discussion teaching format and we can record on the blackboard: 


ed in water in inverted test tube); 


Facts Explanatory concepts 
1. green plant green plants are capable of photosynthesis; 
2. bubbles 


some gases (e.g., oxygen) are not very soluble in water (solubility 
concept); 
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. bubble rise gases are less dense than liquids (density concept); 


3 
4. bubbles increase 
with light intensity rate of photosynthesis is dependent on light intensity; 


5. bubbles are 
spherical cohesive and hydrostatic forces operate. 

Some students will suggest that we see oxygen bubbles rising in the test tube. We must ask, “How 
do you know that?” They certainly cannot know that the bubbles are oxygen simply by ob- 
serving the events they see. They infer that the bubbles are oxygen by applying the concepts 
they know; e.g., photosynthesis results in oxygen production and oxygen is not highly soluble 
in water. Of course, some students may not know or may not recall that oxygen gas is released 
from green plants undergoing photosynthesis. Some students may inquire as to where carbon 
dioxide comes from and whether or not C02 may become “used up” at some point. We can 
enter a discussion of rate limiting factors, and this in itself is an important relevant concept. 

It should be clear that a discussion centred around this simple demonstration could do 
much in helping teachers (and students) to clarify what concepts they already have that are 
relevant to studies in plant metabolism, or more specifically, photosynthesis, and also to make 
some estimate of how differentiated these concepts are. Do the students see connexions between 
the concepts noted above and do they see how these concepts explain the events they observe? 

We could go on asking questions about rate of bubble production if the temperature is 
raised or lowered (enzyme action concept); if the light is changed from white to red or blue 
(electromagnetic spectrum—photon energy concept); where oxygen comes from (photolysis 
concept); the form of C02 in water (ionization and equilibrium concepts); etc. Since all scien- 
tific knowledge is related (i.e., belongs to the same mass of interconnected conceptual structures 
in cognitive structure), we can ‘spin out’ from a single good demonstration to explore the 
whole scientific cognitive framework of our students. They need to recognize this also, and to 
see how growth in understanding of one concept or a set of concepts (i.e., meaningful learning) 
influences the development and potential use of a much larger area of cognitive thought. In 
this example Ausubel’s principles of progressive differentiation of cognitive structure and int- 


egrative reconciliation of concepts in cognitive structure are operating. 
the above example that most teachers, textbooks and course 


i from 

slime ta ete ta mat explicit the concepts needed to interpret events and the complex 
interrelationships between concepts. The opposite is more often the case, where an inordinate 
emphasis is placed on observing the events and on methods for recording the observations. 
The fact that concepts are what we think with, what we must develop and use to explain the reg- 
ularities in our observations, is seldom stressed in biology teaching. Overwheimed with a mass of 
Observations, descriptions OF definitions, most students know of no recourse other than to mem- 
orize by rote as much as they can- The sequence: observe, memorize, test, forget becomes the 
common practice, rather than: observe, apply concepts, interpret, interrelate to larger concepts, 
Solve problems (cf. Novak, 1970). Biology teaching/learning as practiced in most schools and 
colleges now falls far short of the potential which can be achieved if Ausubel’s theory of cognitive 
lez . : A 
ee es dence (1967) model for curriculum and instruction, the example given 
serves to illustrate the importance of distinguishing between the curriculum task of selecting 
COncepts to be taught and the instructional task of selecting the examples and teaching strategies. 
Usually the i in a test tube of water example is thought of as a demonstration of the 

r, this example simultaneously involves numerous other concepts. 


conce is. Howeve } ; 
pt phorasyythesi? le of photosynthesis only if the students possess some 


It will s a good illustrative examp ) 
degree geet sail of other concepts. In the same way, a Coleus leaf exposed to light 


illustrates starch accumulation (from photosynthesis) only if many other relevant concepts are 
understood to some degree. The selection of examples to teach concepts and the sequence 
in which the examples are presented therefore involves a complex series of decisions, and con- 
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siderable trial-and-error. This is one of the reasons why discussion teaching approaches can be 
helpful. Individualized instructional approaches which allow flexibility in choice of learning 
material, varying lengths of study time and tutorial assistance are one promising way to incor- 
porate the best of what we now know about learning and teaching (cf. Postlethwait ‘et al., 1972). 
Instructional modules (cf. Creager and Murray, 1972) will undoubtedly become an increasingly 
popular approach to biology teaching when their design incorporates the kind of theoretical con- 
siderations presented here. 


SUMMARY AND RECOMMENDATIONS 


Concept learning is the most important aspect in the design of effective biology instruction. While 
affective or emotional growth is also regarded as important, this form of learning is largely con- 
comitant with cognitive learning and is likely to be positive and enhancing to an individual when 
cognitive learning experiences are positive. Values are defined as a composite of cognitive and 
affective learnings, and since the latter are closely bound to the former, cognitive learning is seen 
as the principal avenue for achieving changes in values. 

The central role of concepts to society and for what Toulmin (1972) has called Human 
understanding was also discussed. Concepts are evolutionary in character, and this is also import- 
ant for students to learn. A parallel drawn between the evolution of scientific concepts and the 
ontogeny of a student’s concepts as new methods of study and new information are acquired se 
serve to illustrate the fluid nature of human thinking, its dependence on existing consents 
frameworks, and important affective or emotional concomitant learning. The learning theory o 
David Ausubel (1968) serves as a useful explanatory model to guide biology teaching. His empha- 
sis on the central role of concept learning in meaningful learning and problem solving is now 
supported by a growing number of empirical studies (cf. Novak, 1974). - A 

Previous efforts in biology curriculum design have not distinguished explicitly between t e 
operation of extracting knowledge from the disciplines in the operation of instructional design 
and the selection of specific examples to illustrate concepts and methods of inquiry in biology- 
Johnson’s (1967) model for curriculum and instruction provides a functional theoretical base for 
ato m A programmes in biology. Together with Ausubel’s learning SO 
for students, se exists, according to Novak, to guide more promising learning exp 

2 J important to note that only do courses in pedagogy need radical revision to incor- 
taken by maana case from learning theory and instructional theory, but basic science eae 
a need to place ex oie in need of significant reorganization. At all educational levels, Sate 
what is now ener sg a the conceptual organization of knowledge and to cri. nei 
and better research ki 2a ing the facilitation of concept learning. It is also important atn in 

e done, based on sound theories, for many unanswered questions remain 


the complex process of instructional design and improvement of learning environments. 
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Since the 1960’s the teaching of biology in most countries has developed in new directions. 
(See the chapter on “The development and design of new courses in secondary biological edu- 
cation”), One cannot ignore these without the risk of giving a purely technical description of in- 
Structional equipment, old or new, whereas a study of world literature reveals a willingness to 
adapt and submit the use of these means to precis 
_ Fora long time the teaching of biology has 
mitted elaborate patterns of knowledge to pupil 
memorizing, the whole class moving at the same 
teacher or the administrative authorities. i 
This pedagogy has changed but in an uneven way, depending on the country, and in each 
country depending on the institutions or the teachers. The introduction of active methods im- 
plying a more effective participation by the pupil in class activities has manifestly modified the 
form of biology teaching. The teacher encourages, in a more or less controlled way, the inter- 
vertion and the activity of the pupil’s laboratory exercises are developed and the distinction 
between lectures and practical work narrows and even tends to disappear. It remains true, 
however, that pupils in the same class, work according to a common study programme and ata 
4 ins in control of the situation and strict guidelines 


Pace which is identical. The teacher remains 
tion by the pupils. 


e pedagogical conclusions. 

remained rigid and dogmatic. The teacher trans- 
s whose role was reduced to understanding and 
pace following a programme laid down by the 


Persist, despit er participa y P 
pite preat E ies and seventies a new stage in the evolution of biology teaching has 
d that the traditional class is 


been in thg omes of I s people involved in teaching have realized that 

not a homogeneous group: aptitudes, motivation, speed in the acquisition of knowledge, and 
modes of structuring knowledge differ from subject to subject. The teaching of biology has 
became orientated towards a style of teaching that is both individualized and independent, leav- 
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ing each pupil, or small group of pupils, free to proceed at their own pace and plier tm) 
steps as are appropriate to that pupil or group. The pupil is thus led to undertake vor et ee 
tific education, no longer by pursuing a linear programme centred on the mere acquisi 1 En 
factual knowledge, but launching forth from precise biological problems which he himse s 
and which he himself attempts to solve. Such an evolution in teaching biology, more or less el 
nounced in different countries, has been accompanied to varying degrees, by an sates 
change in the use of the equipment and technical means at the disposal of teachers A 
In general terms, two levels may be distinguished in the use made of this e diene 
— The first level is characterized by the fact that technology is defined as an auxiliary w 5 ‘ 
has as its main objective the supply of material and services at the request of the teacher. _ 
ing is thus enriched and completed by a whole gamut of media; recent innovations such 2 bane 
ing assisted by computer and television can be used, provided they do not radically a 
i nization of the class and programmes. 
ages oe cai is characterized F E die application of audio-visual methods ane 
the technology of education, in order to achieve a certain number of objectives: to enaoue 
critical attitude on the part of pupils by presenting knowledge with the aid of a supporting pes 
ment which is not identifiable with the teacher, and which he learns to master himself; to 


RAE RS a i k of 
teachers, if possible, from the task of transmitting information so as to facilitate the wor 
animation and formation. 


- ice ncepts. 
Thus educational technology becomes involved in new usages by modern am e al 
which often call into question pedagogical aims, programmes, the function of teaching p 

and the very organization of the class. 


ACH- 
NEW TRENDS IN BIOLOGY TEACHING AND THE ARCHITECTURAL DESIGN OF TE 
ING ENVIRONMENTS 


e 
In establishments equipped for traditional teaching through courses and laboratory jaca a 
area reserved for biology teaching is often still divided into lecture rooms and cops sae a 
work, or laboratories, organized with fixed work-benches. When the distinction between eee 
and laboratory practice tends to disappear, the lecture room is more specifically ot a 
Operations of synthesis or editing the results obtained in the laboratory. This ig mn 
arrangement is rigid and allows only a very limited adaptation to the new forms of teac eon 
_The orientation towards the independent work of pupils has led to an entirely new take 
ception of the architectural design of teaching environments. It has proved necessary to hich 
account of the different kinds of Pupil activities, sometimes all going on at the same time, wW 
agogy: . 3 iff t 
pursued by small groups of pupils and possibly involving differen 


is implicit in this new Style of ped 
— experimental studies 
subject matter; 
— documentary work which h 
mental research; 
— the maintenance of animal re 
teams; 
— restatements and s 
The teaching envi 
pedagogical needs desc 


peri- 
as to be done on the spot, even in the actual course of exp 
; ork 
aring facilities and of cultures necessary for research by W 


yntheses, bringing together small work teams. of the 
ronments set up in several countries, where account has been taken ae 
tibed above show a breaking up of the traditional class. Lecture ae no 
ns fo ork have banished and given way to open structures, broad areas re eely 
partitioning, or very little, in which sectors of activity are organized, the pupils circulating p for 
from one sector to another: experimental sections, documentary files and libraries, id 
cultures and rearing, areas given over to the exposes of synthesis, etc. The furniture, inclu i 
work-benches, is not fixed, which allows one to modify the general structure easily according 
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needs. 

These new structures have one essential characteristic: great flexibility, which makes their 
adaptation possible at every moment to new pedagogical demands and thus creates the material 
conditions favourable to the autonomous activity of the pupils. 

An excellent illustration of these open structures is given in a certain number of publications, 
such as: Facilities for secondary school science teaching. Evolving patterns in facilities and pro- 
grams, by Novak (1972); Propositions relatives a l'architecture des salles de sciences naturelles, by 
Giordan; Planning in the Science Centre by Harding and Coll.; The design of biology laboratories 


for Asian second level schools, by Sharna and coll., etc. 

These modern installations, sometimes luxurious, may appear too costly for the budgets of 
many countries. It is nonetheless a fact that certain environments, even modest ones, if con- 
ceived so as not to fix teaching in a traditional mould, will prove in due course to be noticeably 
more effective than more costly but more rigid installations which preclude or limit pedagogical 
innovation. 

__ Those practising a pedagogy where the pupils’ autonomy is privileged are unanimous in the 
view that open plan, flexible structures constitute a prerequisite for the effectiveness of this 


modern conception of scientific education. 


BASIC EQUIPMENT AND THE SCIENTIFIC ACTIVITY OF THE PUPIL 
must work like a scientist and a scientist’s place of work is the 
fic work requires equipment; the concrete scientific activities of 
the pupils, their manipulations and experiments also require a minimum of scientific equipment. 
fr Tools the material necessary for observations and experiments on living material; instru- 
ments of dissection, magnifying glasses, microscopes, animal— and plant-collecting apparatus, 
aquariums. terraria and physiological apparatus such as myographs, cardiographs, chemical 
materials, glassware, etc. 
— Living material (animals and plants), collecte 
in a specific space reserved for the purpose wi 


At ee is indispensable whatever pedagogical methods are followed (traditional or 


More modern teaching). Without it, ne teaching Tea is an expression of purely oral or 
booki e ational value is virtu - f ; 

Eo S Aere apparatus is present and available, sometimes in liberal quantities, 
for pupils in numerous countries, there are other countries where many education establishments, 
in particular at the elementary level, in the first cycle of secondary teaching and in the remote 
rural areas, are totally without such aids. Despite the financial sacrifices imposed elsewhere in 
the education systems, the financial resources of the establishments or of the State do not allow 
them to Fionde apils with the minimum essentials in scientific equipment. This is a serious 
Situation and ek the dilemma of how to teach biology correctly without any equipment. Before 
introducing into certain countries sophisticated and sometimes very onerous techniques of teach- 
ing, it would be advisable first and as a priority, to find suitable, inexpensive and rapidly 
applicable solutions to this problem. The following suggestions, for example, might be envisaged: 

l. The dissemination in the countries concerned of information about investigations 
carried out by certain institutions OF individual teachers in order to devise varied and inexpensive 
Materials for Teaching materials which can be assembled by any reasonably skilled poi The 
Guidebook to constructing inexpensive science teaching equipment by Lockard (1972) lists 
Simple techniques for building numerous’ tools and apparatus which meet all needs in biology 
teaching (90 items are described). The Principes de la methodologie pour les classes du premier 

produce effective scientific apparatus 


cycle b ; 67) illustrates, with examples, how to i 
from o e ial: plastic bottles, wrappings, old planks, ball pen cases and refills, 


In order to learn science one n 
laboratory and the field. Scienti 


d from nature, reared or cultivated in class or 
thin the perimeter of the educational establish- 


119 


New trends in biology teaching IV 


t iron, wire, etc. . seh ts 
ee ee pee of these procedures, encouraging = to od ge ae 
think of others, would perhaps offer a palliative, given ee absence of equip 

s ing i i i ries. 

i icts biology teaching in certain developing coun ; i ais 
Bi pgo Centres for scientific equipment on a nen x a m a 
mass produce low-cost materials although these may require the ia a me eee 
not necessarily possess. Moreover, local production would mean tha i op ah beaks iim 
very limited, would not be diverted, as is sometimes the case, to the n 1as ON NE 8 
a of expensive material which requires difficult maintenance and is very 
to local needs. 


2 ; . : i f biology 
The presence of living things in the school situation and their eresas E | 
are clear necessities in the scientific shaping and general rS edan ar use to be made 
conceptions appear, depending on dors iorra An a abou P : 
ivi i i ientific formation : zás the 
of pi pianka which allows for the acquisition E 
development of scientific behaviour is not envisaged in the same z aa a of acquisition 
who, following Piaget, consider that a child passes through a num beet be put into contact 
linked to a direct and totally independent experience, the young ee process” as such. 
with numerous and various living things without these being part of a ble the pupil to acquire 
The permanent presence of living things in the classroom must onna Far others, relying ot 
directly, starting from personal experience, a certain number of a n directing role or nol, 
a more traditional pedagogy, the participation of the teacher, whether is must therefore be 
is necessary for the acquisition of structured knowledge. Biology tea sails necessary is not 
provided and organized for the young pupil since his free participation, 
considered sufficient for a coherent scientific education. : idering that the presence of 
While teachers, in spite of everything, are unanimous in ee benefit to the pupil, 
living things in the framework of the school situation constitutes a defini i ts as possible into 
trends differ at the practical level. Must one bring as many animals and plan d pupils outside 
the classroom, which is the environment of the pupil, or should one oP dee t 7 with living 
the classroom situation to the maximum extent, so that they may find this conta 
beings in nature? Here too, o inions differ appreciably. i the 
The use of living creatus “Stelle the coaeliing methods used, leads eta Sih 
Problem partly raised earlier, namely the architectural design of teaching pring oe mation on 
can be adapted to this Purpose. The available literature provides scarcely oo dbo teaching” bY 
the difficulties and their solutions (but see “Facilities for secondary school gee onset the 
Novak). These difficulties may be grouped under two general headings: those which ie ade 
specialized installations within schools and those which relate to specific arrangem 
outside these schools, 
1. How, when they exist, are 


: ivation take 
; the locations where rearing of animals and cultivat 
place within the confines of school b 


4 elation 
uildings organized? Are their arrangements and copa com- 
to other teaching structures favourable to modern methodology in biology pan cultures 
patible with the autonomous activities of the pupil? Can experimental CN what con- 
carried out by the pupils be maintained for several days, or even weeks, and unde 
ditions?, ete. 


d 
i , : i adi of groun 
2. Within the establishments’ perimeter, but outside the buildings, are areas 


1. The techniques for ca 
themes, have been deli 
work of Wray (1974), 
in that of Deunff, Scie 


cise 
RONE isms for the study of pre! 
pturing or collecting living things, rearing them, and utilizing living oi as will be found in the 
iberately left untouched in this chapter. Detailed documentation on these su ee of living origin, and 
Recommended Practice for school relating to the use of living organisms and ma 


ntific activities to arouse interest for children from 5 to 11 years. 
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placed at the disposal of teachers and pupils in order to carry out cultivation and/or experiments? 
Has an uncultivated garden (with or without pond) where the flora and fauna develop freely, 
been put aside for their use? What are the characteristics of these areas and what difficulties are 
encountered in the allocation of duties among biology teachers, etc. 

Replies, or partial replies, to these questions would enable us to define the needs in respect of 
apparatus adapted for the use of living beings and solutions which would allow them to be met. 


DEVELOPMENT OF THE UTILIZATION OF AUDIO-VISUAL TECHNIQUES IN BIOLOGY 
TEACHING 


ed. The words of the teacher, the book, the blackboard are the 
But since the end of the 19th century and the beginning of the 
o and television have offered, at an ever-increasing rate, new 
tion from which teaching, and in particular biology teach- 


These techniques are many and vari 
earliest forms and are still in use. 
20th, photography, the cinema, radi 
means of information and communica 
ing, could not remain aloof. 


Current visual auxiliaries in biology teaching 


Visual auxiliaries, some of them relatively cheap, are currently used at any rate in developed 
countries, no matter what style of pedagogy may be adopted (traditional teaching in grouped 
classes or individual instruction). These mainly take the form of mural posters, over-head pro- 
jectors replacing the blackboard, photographs on paper, slides, 16 mm or 8 mm films, silent or 
with sound track, and video tape cassettes, the latter replacing cinematographic films. 

These auxiliaries are the visual substitutes for reality, or processes of analysing reality, the 
use of which is only acceptable where the real objects are not accessible to the pupils. In a general 
way, the use of visual methods is essential when the message can only be transmitted by these 
means. The static pictures (photographs, slides) allow one to show objects which cannot be ob- 
Served directly or, by concentrating their attention, enables pupils to analyse the details of an 
organism not easily examined directly. Films are irreplaceable as an instrument for analysing 
dynamic phenomena; in particular the use of slow motion (for the movement of animals) and 
rapid motion (growth and movement of plants) convey a knowledge of movement where the 


natural rate is either too fast or too slow for analysis. j ‘ . Per 
Because of its relatively reasonable cost, its technical quality and its great flexibility of use, 


8 mm fi er-8 film, are used more and more, while 16 mm film is used less 
sal aes, peep ne film showing a single concept (single concept film) generally silent 
and lasting only a short time (3 to6 minutes) tend to be widely used. The single concept film can 
be seen several times within a short period and, if need be, stopped at a specific frame; it is 
frequently used as a ‘datum’, or starting point, for active study by pupils, just as they would study 


a reg ry . . 
es ee visual techniques in biology teaching is universally recognized. Never- 
theless enquiries carried out in certain developed countries have revealed squandering of funds in 
: ‘cated and complex equipment conveying merely trivial messages, or 
s such as a simple blackboard, for example, could 


the installati f sophistica 
ion of sop s expensive mean : 60 
f technology, already deplored in industrialized 


ther information which les This wrong use O 
ave con well. This wr ; ‘ i i 
veyed equally re serious aspect in countries where financial resources for teaching 


countries, takes on a much mo 
are limited. 

Individualized instruction in biology by multi-media (audio-tutorial system) 

It is in the English-speaking countries (United States, United Kingdom, Australia, etc.) that maxi- 
mum use is made of the media, in the context of autonomous work by students, mostly at univer- 
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sity level and at the senior level of secondary schools. i 

This new form of biology instruction, developed as a result of the experience of Postlethwait 
and his colleagues at Purdue University, is known as the audio-tutorial system (ATS). The ATS 
was conceived and installed for the teaching of plant biology by Postlethwait in order to cope, on 
the one hand, with a large number of students whose comprehensive instructional framework ex- 
ceeded the resources of the teaching personnel available, and, on the other hand, with the 
heterogeneous nature of this particular student body. It was subsequently extended to other 
universities and also to certain classes in the senior level secondary schools. ; i 

This type of totally individualized instruction is based upon the use of multi-media anr 
recordings, slides, 8 mm films or video-cassettes, guide books) which provide each student with 
the scientific information and the guidance needed for practical activities (observations, laboratory 
work and even field exercises). The general organization of instruction by ATS is as R 

The course is fragmented, programmed, in a series of “modules” or “mini-courses”’, ee 
corresponding to a precise theme. For each “module” the students take part in three kinds O 
activity. ; 

1. Independent work in an audio-visual booth (a booth can be occupied by only one 
student at a time). The equipment in the booth, utilized as desired, generally consists of a ner 
recorder with headphones which transmits the course and the guide instructions for the 1 a 
other media and for practical exercises, a slide viewer, an 8 mm film projector and materia 
observation and experiment. - eh 

For each module, a guide book is available to students but the continuity of the wor 
maintained essentially by the taped commentaries. ; N f ible to 

An important aspect of ATS is the more extensive use of live material easily accessit = 
students; this allows for complete integration of experimental work and theoretical informat en, 

The time spent on individual work in the booth varies and is left to the discretion of 
student; on average it amounts to four hours per week for a single module. itir 

2. Sessions in small groups bringing together ten or so students and a teacher (One ho es 
long session per week). There are seminars where an exchange of ideas takes place, with questior 
and answers, on a module related to the study previously carried out in the booth. 


r 
3. General sessions, bringing together several hundred students and a teacher, reserved fo 
general reviews and syntheses. 


This form of instruction backed by multi-media has certain advantages, but also certain drawbacks. 


The advantages most often quoted in the literature are the following: 
; 1. The student is autonomous and works at his own pace. The system allows for ciel 
petition of audio-visual information according to the particular needs of each student. f 
2 l The learning process takes place through an association of ideas, of objects and i 
appropriate situations. This association is achieved by gathering together into the booth Sio 
objects, scientific apparatus and audio-visual means necessary for a particular form of instruction- 
A reinforcement effect makes the instruction more effective is- 
3. The ATS allows maximum integration of learning activities. Teaching is no longer dis 


persed into lectures, practical work, and field work. All these activities are simultaneously implie 
and consequently closely integrated. 


The defects are more difficult to discern. Some of them, however, may be identified as follows: 


. ic H 
l. Certain students get lost because of the variety of apparatus, the use of which and th 


M Š e é ili i j 
combinations of which they are unable to master. Others find the permanent utilization of ii 
tape-recorder tiresome and monotonous. 
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_ 2. The most fundamental defect concerns integration of the knowledge acquired in the 
different modules into a coherent and synthesized whole. The system is criticized for fragmenting 
concepts and making access to general and fundamental ideas difficult. 

3. The system is expensive: in 1973, the installation of a single booth with apparatus came 


to about 400 U.S. dollars. 


The effectiveness of the ATS and of similar systems has given rise to a certain number of evaluat- 
ions. A first appreciation can be made from the reactions of teachers and students. They are in 
general favourable when the programmes are well designed. A more precise evaluation can be 
obtained by comparing at an intellectual level and in respect of the same subject, the performance 
of identical groups, one of which has received instruction through media and the other through 
conventional teaching. According to certain authors (Marinos and Lucas, 1970) no significant 


difference is observed between the two groups, whether in terms of mastery of knowledge or the 
cy. For others, on the other hand (Meleca, 1970; 


acquisition of erior experimental efficien l 1 
Brewer, 1974), Root Ai students who have followed the ATS teaching system is superior to 
the control group of equal intellectual standard. In general terms, the evaluations made are 
favourable towards ATS, with the reservation that the programming and combined use of media 
should be carried out in perfect conditions. Finally, there are those who consider that, despite the 
qualities and efficiency of ATS it would be dangerous to make it a fundamental teaching method 

ectification by other types of formation. 


in biology. Its visible shortcomings must be subject to 1 ba 2 
“The ate is one method, but it is not the method of teaching (Marinos and Lucas, 1971). 


Radio and television in biology teaching 

the industrialized countries during the sixties, now 
rcuit television, of necessity rigid and by nature dog- 
d towards the autonomy of the pupil and the 
t television is sometimes abandoned: in the 
quipped with televisual resources, no longer 


The use of these media, widely practised in 
Seems to be in abeyance. Radio and open-cl 
Matic, are difficult to use in a pedagogy Jal 
individualization of instruction. Even closed-circul 


United one hundred schools fully e l 1 
oe ie oe me atten: It nevertheless remains closely integrated with normal biology 


teaching i . i it seems, only in experimental establishments (France). 
aene m a pact ee al of radio and television, despite the increased cost of 
the installation and maintenance, is fully justified and effective in developing countries. The lack 
Of suitably trained teachers the need to reach not only school children but the whole population 

Š 3 ducation, for example) necessitates the use of 


when it j education (health e : : 
a eS eT Ee r audience. It must not be forgotten that, in a fair number of 
e 


thes : - derdeveloped and sometimes nonexistent, and that very often 
trr Sate = att rhe On the other hand, radio receivers exist in all the villages and 
igh level o : Bee E : 

radio is often the sole means of communication and of information. 7 
Preci tematic utilization 1n developing countries of radio and television for 
biolo Fe CISE CASES of ie demonstrate the real effectiveness of these media in overcoming certain 
tee ee ee of this discipline. Thus, to compensate for the inadequate training of 
Certain ie i te baaa experiment in biology by radio, and subsequently by television, was 
launéhed ir Pone n 69 The radio broadcasts were sent out each day at the end of the 
in, Manmipusi © i hers for the purpose of evaluating the effectiveness of 


ted among teac : 4 
t they were used very little by the teachers while some ignored them 


t criticisms concerned: 


iiig, An enquiry conduc 
these broadcasts revealed tha 
completely. The most frequen 


relationship betwe 
me (30 per cen 


= th fan en the subject matter of the broadcasts and the 
e absence OF any t only of these broadcasts were made locally, the 


school teaching program 
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rest being made in the United Kingdom); ; i 

— the difficulty of integrating the transmissions into the timetable of schools which did not 
necessarily arrange for the broadcasts to coincide with the hours allocated to biology 
teaching. 


The television programmes were better received by teachers. The fact that they were locally pro- 
duced and well adapted to themes studied in class ought to have enabled good use to be made of 
them in biology instruction. Unfortunately, they were transmitted in the evening outside class 
hours and were followed by only 10 per cent of the pupils. The support they could bring to the 
teachers’ work was therefore negligible. 2 
The participation of radio and television is in certain situations irreplaceable, The Mauritius 
example chosen from among others, reveals the difficulties encountered in efficiently organizing, 
the operation and successfully carrying it out. Perfect co-ordinator between the production bodies 
and the users implies the establishment of centres of production specializing in education trans- 
missions, a school organization adapted to this method of teaching, and teachers trained to work 
with the producers of the broadcasts who must also be expert teachers. i 
In a very different pedagogical situation, another example of the effectiveness of teaching 
essentially backed by television has been provided by the Institute of Agricultural Technology > 
Mostagenem in Algeria. This Institute has been created to train, before 1980, 5,000 to 6,00 
technicians in rural work, who are indispensable to the success of the agrarian reform and whose 
training until now was not carried out. For this reason, the Institute has had to build up a oa 
of mass instruction by first receiving each year a batch of 500, and subsequently a batch of 100 
engineer students. Space did not enable them to have more than 25 students together in any one 
lecture hall and the small number of qualified teachers precluded formal teaching. A teachine 
course entirely conducted by closed-circuit television, alternating with periods spent in the E 
areas appeared to be the only way to conduct this training. For the promoters of television, i 
use of this media also fitted in with pedagogical policy: it was a matter of radically changing | 
teacher-student relationship so as to make students gradually undertake their own training, et 
Tesponsible way, thus learning to collaborate among themselves and to master the dimen 
sources of information. Although an evaluation of the effectiveness of the single oT 
backing was not made, a global evaluation of the training of these technicians is furnished by the 
results at the Institute’s final examination. The jury, composed of persons outside the Institute, 
ea the diploma to only 6 per cent of the students. This large-scale media-type teaching se 
Hon wth dar pions en ne memes minor 0 Alga Ye 
ness of this type of fraiting, in training agricultural personnel is also evi 
In countries where the educational structures are highly developed, radio and television 
blame a form of added support to normal akin, oat Santon where, because ofa bes 
resources, a classical type of teaching does not allow a response to certain vital training needs, 
the use of radio and television Proves to be an effective instrument. 


TEACHING BIOLOGY WITH THE HELP OF COMPUTERS 


Learning with the help of computers, called computer-assisted instruction or CAI, developed to- 
wards the end of the sixtiesin the United States, and on a smaller scale in Europe, opens up an 
immense field to research and to the applications of pedagogy. Among thescientific disciplines, 
the teaching of mathematics in particular but also the teaching of physics and biology have 
brought about teaching experiments utilizing the possibilities of the computer. Programmes ae 
been perfected and have become operational principally in university instruction (sciences an 

medicine) but equally, in certain cases, in instruction of the seminar level of secondary education. 
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The simplest use made of the computer consists of employing it as a mechanical means of 
testing by question and correction, with traditional instruction (lectures, laboratory work) pre- 
ceding its use. The computer here plays the role of examiner, and does it efficiently since it can 
guide and assist the student. The dialogue consists of a programmed sequence of questions allow- 
ing each student to control and reinforce his knowledge (Andrieux B., 1971). Yet the computer 
can best be used for genuine instruction. In this case, the principal objective is not to transmit 
factual knowledge but to bring about a progressive training of the student in logical reasoning and 
in the acquisition of experimental methodology. In these conditions, the use of the computer 
achieves a form of training which is in opposition to the general trend in traditional learning, 
namely the memorisation of facts, concepts and even demonstrations of experiments. The student 
who learns demonstrations of experiments in this way, even if he has clearly understood their 
logic, is not thereby trained to think for himself. ; 

In order to attain this objective, the experiments, duly analysed in the programming, and 
their results are demonstrated in such a way by the machine that the student cannot solely rely 
on his memory to answer. Further, the experiments are generally unfamiliar to him, a fact which 


requires him to use his reason in studying their development, in interpreting their results in and 
deducing fundamental notions which must be retained in the mind. Thus Fiszer J. (1971, 1973) 
ntal biology on the acquisition of complete notions like 


orientated a programme of experime on | f cor otion 
‘the inductive power of tissue’, ‘the state of determination or non-determination of a tissue’, etc. 


One use of computers, Of considerable educational value, is the practice of simulations in 
the course of which the student freely thinks up experiments and submits them to the computer 
which, in return, supplies results, both qualitative and quantitative, whose exploitation and inter- 
pretation by the student are subsequently validated or criticized by the machine. The most formal- 
ized of the biological sciences, genetics and quantitative ecology, lend themselves most suitably to 
this method of utilization (Bitzer, 1974, in New trends in the utilization of educational technology 
for science education, Dean and Murphy, 1973; Labine and Wilson, 1973). A good illustration of 
a similar exercise is provided by the learning of the Mendelian laws, with the help of simulated 
crossing of Drosophila (Bitzer, 1974). The crossing of wild type Drosophila and their various 
mutants is left to the initiative of the student. The results obtained appear on the cathode screen 
in the shape of images built by the machine as well as raw quantitative results. A very great 
number of cross-breedings are possible, from the most elementary to the most complex. The 

d numerical sense — the latter being capable of variation if the 


results i i ive an : $ 2 ipe aae 
pot : bee ci ae ae — are the starting point of active work in the statistical exploitation 


and i ati , as is normally the case in actual research. 
ve oo pen very intensive programming, is no doubt, in the present 
state of research the form of learning which permits the achievement of methodological ob- 
Jectives inaccessible by other technical methods of instruction. 
Leaving aside the investments and costs involved in the installation and operation of equip- 
ment, which are still very high, should more extensive use of the computer be envisaged at the 
expense of other methods © 1? For numerous teachers ‘a drying up, an Impov- 


f biology instructior ) 
erishment and hematization of thought would result from it (the use of the computer) as well 
nd a sc t 
as the risk of having to reduce all bio 


Jogical phenomena to an aggregate of notions which are very 
ee . igj ieg’ (Fiszer, 1972). The achievements of biology 
cu i able into rigid categories’ ( ; ) 
crt dried, es er of the computer are still at the experimental stage and new possib- 
ilities He ro = ecognized Or have hardly been investigated. Computers will no doubt be 
utilized n e: i oe in instruction, but in order to achieve specific objectives that only they 
can achieve. sitio being used as a substitute for the customary modes of instruction. 


CONCLUSIONS 


In the teaching of biology» technical equipment varies from country to country. But in any case, 
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i he technical resources offered to teachers, their 

mee Leo pepe dn moe oooh Soe and integrated in a defined process e 
e chapters on ‘Trends in the purposes and objectives of biological education’ an 

on ‘Trends in the biological component of education at the primary m per 

Thus, in a traditional class, scientific equipment and audio-visual auxiliarie 


them, all the equipment is at the disposal of the students for research, i 


a 
future equipment policies, priority will 
of the teacher, but rather to ine 


genuine scientific activity on the Part of the pupils. 


SUMMARY AND RECOMMENDATIONS 


hing methods and objectives 
by a group of teachers; 
— absolute priority should be given 


where there is a lack of equipment; 
— a distinction should be m 


, Clearly stated by the teacher or 


to the problems raised by biology teaching in situations 


At the international level, an 


; i : effective system should be instituted for the dissemination of 
inexpensive and effective equipment. 
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For countries which still lack adequate equipment in their schools, reflexion, at regional 
level, should be promoted in order to conceive curricula taking account of such shortages; the 
natural environment and the rural community where the pupils live can provide stimulating topics 
for study, which have a real training value and do not need specialized or complex equipment. 
Regional centres, planned or already existing, should give some priority to the manufacture of in- 
expensive equipment adapted to local needs. 

At the national level, laboratory work should be an important part of biology teaching 
laboratory work. This should be borne in mind when schools are built and equipped. It is 
necessary that all children in urban environments enjoy close contact with nature, both outside 
the school (field work, excursions, country classes) and within the school through gardens 


(cultivated or uncultivated) reserved or designed for the purpose. 
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Some general trends in assessment which affect the situation in biology 
education trends in various countries 
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Systems approved by a central authority 
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The nature of the biology curriculum 
The uses of different techniques of assessment 
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Summary and recommendations 


Annotated bibliography 


Assessment may involve listening to students, observing them in action or reading what they 
ave written. 


Assessment in a subject area $ } ditte l e 
OY research workers and psychometricians in that it aims at testing the achievement of students 


in relation to a range of concepts which have been affected by the conditions of learning, the 

teacher, the teaching methods and the social context. 

z Assessment is usually preceded by some form of measurement in which numerical values 

are assigned to the students On the basis of some well defined procedure or set of rules. There 

may be some subsequent treatment of the numerical values before an assessment is produced. 

Standards may then be applied to the assessment in order to obtain an evaluation of the students. 
hus assessment of achievement may provide useful evidence for evaluation, but evaluation 


may also be made without preliminary measurement. 


uch as biology differs from the highly specific tests employed 


SOME GENERAL TRENDS IN ASSESSMENT WHICH AFFECT 
THE SITUATION IN BIOLOGY EDUCATION 


ditional assessment of 
tion of a course of study. Th 
at the secondary level and of demands for entry into te 
Pressures on examination systems- Although evidence is 
€xaminations are unreliable and unjust and that they coun 
of education, their influence is more powerful than ever- In partic 


students has been by some form of written 
e increase of open access to education 
rtiary education have led to increasing 
available which suggests that many 
teract the more enlightened methods 
ular, they tend to make certain 


In m: 
ex many countries, the tra 
amination at the termina 
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teaching and learning practices more circumscribed and rigid even where curricula are intended 

to be open and unstructured. Two main trends to remedy this situation can be discerned; firstly, 

the application of new techniques of testing and improvement in the design of examinations: 
secondly, the utilization of methods of assessment other than formal examination papers. 
In biology examinations, the following trends emerge. 

l. There is an increasing use of objectives which are explicitly stated in relation to the educ- 
ational aims of a curriculum or with the intention of providing a framework of aims 
where none existed previously. The main effect of this is that the assessment of students 
is becoming less concerned with the extent of stored information and more with thinking 
processes, 

2. Devices which improve the quality of testing are being employed on a wider scale, Exam- 
inations designed in relation to the two dimensions of subject content and behavioural 
skills have improved in validity. The difficulty of producing good examinations is being 
Tecognized and some efforts are being made to promote the necessary skills in examiners. 

3. New examining techniques include the use of 2 wider range of types of questions. Greater 

isi ing is being sought by writing the material to defined specifications with a 

consequent development towards objectivity. This has led to a greater employment of 
resources in writing test material and some reduction in the human effort required in 
marking. A consequence of this has been some improvement in reliability. 

4. In those countries where the examination system is spreading to include a wider range of 

student ability levels, objective tests and questions structured in specific parts have been 

found to be more suitable than extended essay questions. The difficulties of language 
expression are reduced and the inclusion of many small elements in a test provides greater 
reliability than a few large questions. 

In each country changes in methods of examining are closely related to the philosophy and 

structure of the educational system and the state of development of the biology curriculum. 

Biology examiners are not necessarily in a position to make changes in examination policy. 

Certain changes, however, lie within their competence. 

Fr With laconic syllabuses, such as are often current in traditional systems, some opp- 
ortunities exist for a wider interpretation of certain general principles. Alternative 
questions with this in view can prepare teaching institutions for impending curric- 
ulum and examination changes. 
ran itin of non-syllabus-based questions represents a more fundamental 
skills at high ie scheme. They compel students to exercise cognitive 
examining are achievin ee of knowledge. More advanced forms of page 
In practical tests biole pe using questions which require the handling of da x 
suggesting Action rE es unique opportunities for inductive reasoning, as a 
characteristics, Observed structures or classification based on observe 

Instead of forma inati z i 

ala with systems Tor the Ome. countries employ assessments during the teaching of a 

though such systems are broads, q aoni of credits at the secondary and tertiary levels. Al- 

their greater emphasis on. Tegular ches and hence more valid than terminal examinations, 
students and teachers. Non-conforming RS performance can have a restrictive effect on 

Nevertheless, there is a strong trend aeai S may be penalized and fast learners discouraged. 

ly, educators are feeling the need to make a — forms of continuous assessment. ara 

experiences in the classroom and laboratory $ aa elationshiip between the daily educationa 

In several countries, internal assessment and oai ai achievement = e orena 
together. In the United States, there | and external examinations are being employed 
ective to internal assessment. In Fr 
examination. Examination reform 
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a component of an externally awarded examination grade. 
In Sweden, internally scored tests may be moderated by the central authority. In the Inter- 
national Baccalaureate, teacher assessments have been tried as checks on examination grades. 
The drive towards open access to education for a wider range of students is in keeping with 
the democratization of education. The appropriate assessment of student achievement then 
becomes concerned with the progress of students or groups through a continuous process of 
education. Concepts of education at specific levels tend to break such continuity and the term- 
inal examinations or accumulated credits used for selection at each level tend to become instru- 
ments of exclusion. Selection procedures of every kind imply competition and although this 
may be considered a legitimate function in competition societies, it distorts the educational 
function of schools. Assessment within the schools as accrediting agencies takes some of the 
competitive pressures off students, but where an external examining body operates the testing, 
the pressures fall directly on the students and teachers. la © ; : i 
Group activities would indicate group assessment rather than individual testing. A disparity 
exists between the group work encouraged by educationists and the individual assessment 
required by some accrediting agencies. For example in the teaching of groups of mixed ability 
in Certificate of Secondary Education (CSE) and in co-operative biology projects in Advanced 
level Nuffield General Certificate of Education (GCE) in the United Kingdom, the assessor hopes 
to be able to distinguish individual contributions to the group, often at different levels, as part 
of the outcome for grading. Group assessment lays emphasis on co-operation rather than com- 
petition. This is seen by certain socialist countries as a most important aspect of moral education. 


duction of internal assessment as 


TRENDS IN VARIOUS COUNTRIES 


Centralized system 


Characteristically, centralized examining tends to be linked with the final Jone of atone 
used for competitive selection. This is generally true for the countries S o —_ 
although biology ranks as a major subject for final assessment in relatively few o oo ino 
type examinations, often marked on the basis of an over-all impression, T prevalent. These 
tend to be related 6 the testing of knowledge, although in France, for examp ee a 
and oral examining have moved towards the testing of science process ae he tra ition o 
Oral examining EN continues in some countries of Eastern and Posten I a is sometimes 
related to the testing of practical work. Objective testing has been a relatively recent addition 


© some well established examination systems. 


A certai t of freedom to teach biology according to local needs is possible within 
ttain amoun 


; : ment within schools forms the whole or an import- 
E a sa seh eam ty, Fat Saori’ this situation exists in Sweden and some paria 
of the Fed ets of Germany where central control is used to maintain geen o 
standards z epu n between schools. In the Netherlands, there is, at present, an equa j po 
ation of o e ari external objective test and cumulative eer ‘oe Ea 
change peon “3 Ocal in the range of techniques used for externa te inë and more sp 
ific nte ete in the skills to be assessed and the hg on viet E nega 
ake poolne of national E E otis ne ae 1i a t effective manner. As 
Examination Connells has enabled testing skills to be utilized in a mos nt z . 
these regions move away from dependence on foreign-based arena atk ae s 
of local relevance and international acceptability are beine iny ne aa Po ae 
education is developing rapidly, many students still cout for s nay o te 
assessments at the secondary OF tertiary level. The new techniques emp A Darai EE 
testing and problem solving, aS well as essays and practical tests. Objective testing is par y 
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useful for establishing comparability between national systems provided that the problems of 
production can be solved. A test development unit operates within the West African Examin- 
ations Council. In Malawi, the biology examination at the middle secondary level for 1974 made 
use of structured questions, replacing the previous use of essay questions and objective tests. 
Apart from the problems of objective test production, the further problem of the use of language 
by students in written examinations has led to this change. 

In Eastern Europe, the centralized systems have combined for a multilateral study of the 
problems of assessment at the Central Institute for Education Research in Budapest. Some of the 
problems are related to the multiplicity of personal characteristics of students and to social 
relationships as well as to the production of tests having a high degree of objectivity. Both ob- 
jectivity and a consideration for the state of development of each student are seen as two poles 
of a dialectical contradiction which has to be constantly resolved anew and in which respons- 
ibility for assessment ultimately rests on the teacher. “The function of favourable evaluation 
is to provide incentive. Group assessment leads to development of the faculty of self-evaluation, 
of a group spirit and of a sense of responsibility for one’s work and that of fellow pupils”. 
: People’s Republic of China and in Cuba. It is 
interesting to note that in apparently centralized systems such as these, much responsibility for 
using such techniques as oral examining, regular 
nd initiative in practical application. 

South Africa, centralized examining largely based 
iology examinations usually consist of two written 
ovide acceptable qualifications for overseas univ- 
changes towards problem solving and, to a lesser 


cent were shown to have compulsory biology exam- 
ely used in these, but there is a trend towards the use 
ques. Oral testing is used in a few countries. Practical 


inati 
ofa 


o a variety rae the penttpticity of examination boards and curriculum developments 

assessment. For students who do not specialize further, assessment 
ondary level (CSE and O-level GCE) is final. Written tests at this level 
uctured questions and short essays, with a trend towards objective 
, internal assessment can replace external 


ie and problem solving. Practical examinations are used 
Level examination provides E Deal & Owards cumulative assessment. The Nuffield Advanced 


xample of compl inati i i of 
ts and assessments, plete examination design, using a range 


Decentralized assessment 
In the United States achievement testin for j 

: o: ae sij 
Tests are either locally prepared o: het ee credits is the responsibility of the schools: 


ee, T obtaine A 
criticism of the excessive amount ar oie ct Ss Sa sources. There has been some 
ing which tends to ition- 
make use of recognition 
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e certain skills which essay questions can test. The 
f students is also a general problem. Some external 


control of testing appears where minimum standards for graduation are established by individual 
states which may be inforced by regional accrediting associations. Although final assessments 
within schools are unusual, institutions at the tertiary level may set their own requirements for 
admission. Many of these institutions use the Educational Testing Service which provides assess- 
ment in biology of 125 objective items in 1% hour and three essays in 1’ hour. In this, there is 
emphasis on application and interpretation of data (Kastrinos, 1974). 

The assessment pattern in Canada has tended to move away from a three hour written 
examination at the end of each term towards more frequent student assessment. Some provinces 
have discarded final assessment testing, leaving teachers with responsibility for summative eval- 


uation of students. iolog: 
In the Philippines, objective written tests are used to assess biological knowledge and the 
nature and methods of science. These are employed in relation to each unit of curriculum mat- 
n addition, performance assessment of practical work is 


erial especially for diagnostic purposes. I n > i 

carried out and affectives such as leadership, resourcefulness and preparation for biological act- 

ivities may be included. At the tertiary level, there is more emphasis on problem solving. 
Although an internal syste imilar to that of United States operates 


; m of credits somewhat si S 
in Japan, the requirement of each board of education impose a large degree of conformity. There 
Is intense competition for entry to tertiary levels of education and the screening tests for this 
Strongly influence upper secondary education. The Educational Test Research Institute has 
Paid much attention to the problem. Asa result, th 


e extended use of objective testing introduced 

after 1946 h laced by a combination of objective and essay-type tests which 
as replaced by a i ; 

assess analysis barian constructive thinking as well as a knowledge of biological facts 


and principles. 


type questions and which does not measur 
interpretation of test results for evaluation 0 


ISSUES WHICH AFFECT ASSESSMENT IN BIOLOGY 
The employment of assessment 


T . 

he uses of public examination 
on the transition from one stage of educ- 
ent in selection from the upper secondary to the tertiary 
hat is selective for the few at this level is terminal for the 


jori i of social restraint where opportunities for higher 
end ~ minations thus beco p a aniigil as a test for the ag es of . nome is 
ess so for those fi whom biology is 4 component of general eau e e oe en of the 
examination ins any further conflict with the aims of the curricu ae yee hans a b 
ination success as a means Of identifying 4 status in society genera d a nape se i 
pecific achie ne ts which have peman ac ARON ilabus ah students hs be 
earning Teachers 4 à rk under the constraints of the examina ion sya ost likely to distort 
iscourag at ghar learning by examination failure. Examinations are on = zA ep 
e T EE ne ofa curriculum when the level of am . agai eon a ie be 
ability levels of ine Teaching posant or U o the cxamın pics an 
a become directed xe esas well Te T what are the positive virtues of public 


In the face of such coe obs be said that their prescriptive nature provides a very effect- 


€xaminations? ir favour I ; 

ive Soman In poe intentions of curriculum designers to teachers. They can be sg to 

Buide oe in directions necessary for national development. They also provide the 
ea 


; i isions 
In general, examinations are used in making decision 


ition to another. This is most promin 
vel of education. In most countries W 
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standards of achievement which are necessary to ensure public confidence in biology teach- 
ing. Properly administered, they reduce opportunities for bribery and patronage in obtaining 
places in higher education where there is restricted access. 

Public examination systems can form part of educational activities which involve inter- 
national co-operation and development. Examples of this are seen between the USSR and 
socialist countries of Eastern Europe and between certain West African countries. 


The operation of achievement tests 


Niemierko has characterized a school achievement test in the following manner: it is a collection 
of separate tasks; it presents the subject matter in such a way that it is possible to determine 
the extent to which it is mastered by the student; it is used during the course of instruction. 
His reference to mastery implies that a student’s performance is judged against a set of previously 
specific criteria. The development of instructional technology, especially of sequential mastery 
learning, has led to criterion-referenced testing of this kind. It is also employed in assessing 
student achievement for the formative evaluation of curricula. In both instances, its function is 
essentially diagnostic. On the other hand, it has been argued that total mastery does not exist and 
hence that criterion measures of unquestioned validity are not available. Moreover, the effects of 
teaching for mastery will be to limit the goals of learning to stated specifics with emphasis on the 
means of instruction and comprehension and with insufficient attention to application. The issue 
of generality versus specificity in learning is crucial to the conception, design and evaluation of 
any curriculum. It is by no means certain that all the advantages lie with specificity. While tests 
of specific achievements are usually developed by specialists, biology teachers are more concern- 
ed with tests across a range of attributes related to the subject. They acknowledge that learning in 
biology is necessarily incomplete. These Opposing views are worthy of discussion. 


The application of grading 


e cee d pass-fail levels of, say, 40 or 50 per cent marks are of 
referenced test i hi : > would assume the existence of a valid criterion- 
ein Dh ich questions of comparable difficulty are produced each year. Another 
sleet Procedure is to include certain fixed proportions of students in each grade, often 
O a normal fiegieney distribution. Such systems are recommended in Australia, the 

n countries which follow their pattern of examining. Thus grading acquires 
the attributes of a norm-references test in which the fidin elean nh he how al the 
ow he stands in relation to other students. Provided that the spread of 

Serimination, such examinations ensure a convenient method of select- 
to obscure still further any notions of the criteria on which selection is 
tes ae by potential users of the examination results as predictors 


F education i i it- 
oring the progress of students Gy iter Nes ae and by teachers interested in mon 


grades? In pP 
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Cumulative assessment 


This can be advocated in situations where the need for rigorous selection is diminished in cond- 
itions of open access to further levels of education. With a diminution in competition, the notion 
of failure need not be included and the functions of diagnosis and student guidance can be 
developed. This can lead to a desirable flexibility in variation of the rate of progress and in the 
reinforcement of learning. The process of assessment itself can also be adjusted fairly readily in 
an internal situation. Cumulative assessment can take into account many aspects of cognitive, 
Psychomotor and affective achievements. It is especially valuable for assessing practical work in 
biology and for gathering evidence on attitudes from observations of student behaviour. 

While school-based tests may be included in the range of techniques available for cumulative 
assessment, the limited information from them can be supplemented by other means. Certain 
main issues, however, arise in the use of internal assessment. These become especially important 
when continuous assessment forms part of a credit system or is used as a component of a public 


examination. 

Any form of cumulativ 
between teachers and students. The stu 
be reluctant to expose his weakness to t 
teaching and testing. 

Assessment of attitudes towar 
teacher and student during the process © 


ment of specific attitudes is technically difficult and l a \ : 
involving grading is of doubtful value. The impartiality and skill of biology teachers in making 


such assessments is particularly crucial, especially in countries where strong tribal or racial 
divisions exist and where a large proportion of the teachers are poorly qualified or have limited 


experience. f : ; y ' 
. In cognitive and psychomotor skills it is possible to provide teachers with much guidance 
in assessment procedures by means of workshops and printed instructions. This is a valuable 
development for improving reliability and validity of assessments by teachers. This trend is seen 
in countries with traditionally unstructured forms of cumulative assessment and also in countries 
which are moving away from external written examinations towards assessment by teachers. 

Thus both systems are tending to converge on a common position. he , 
Where printed material is provided for independent learning by students, it is possible to 
incorporates self-evaluation Or procedures in the text. This can be used for self-evaluation or rein- 
forcement. It is particularly useful for students who undertake a correspondence course. A well 
land course in biology for students at the pre- 


designed exa his is seen in the New Zea E S ; X 
Uaast ek The paiio for the courses of the Open University in the United Kingdom 


Provide the student with explicit objectives on the test exercises which can be checked against 


Provide ‘cussed with tutors. . . p 7 p 
d answers and discu | kind is also being used in some countries. By discussing 


Self- r more informa i L 
his own haai a ‘achievement with the teacher, the student is helped in the process of self- 
evaluation anil motaren and can make a contribution to cumulative assessment. 


e assessment of achievement inevitably influences the relationships 
dent who requires assistance in a learning situation may 
he teacher and the teacher has to fulfil the dual role of 


ds biology are part of the continual interchange between 
f education. However, the identification and measure- 
It and their inclusion in a cumulative assessment 


The nature of the biology curriculum 


The style of the curriculum 
stress factual content. Their laconic 


ome well known from experience. 


Traditional public examination syllabuses in biology tend to 
d to examining and the actual 


expression is related to examination expectations which bec 
uch syllabuses are essentially declarations of intent with regar 


curriculum is devised by the teachers. 
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New biology curricula are usually expressed in extensive printed ee R 
details of aims, objectives, content and pedagogy may be made explicit. Relate sper 
may also be provided for formative evaluation by teachers. (See the gt so Eae 
evaluation and dissemination’.) Such testing tends to be related to mastery learning : “ily 
criteria closely related to the design of the curriculum. Two main problems of i age 
emerge. In the course of time, over-familiarity with standard tests reduces their vali > e 
production of a printed curriculum in detail, besides having a restrictive ean on r 
may reduce the scope of testing. This latter problem becomes particularly acute if EE, a 
ive dependence on the factual content of the curriculum for teaching and for testing. E Be 
of test material can be extended if more attention is paid to the biological concepts and pr 
ciples to be assessed and to applications and problems which involve their use. ; a 

A trend towards individualized student programmes in which students progress at their ae 
rate, working at tasks which interest them has appeared in the United States and Canada. 4 
represents an extreme form of student-centred education and offers special problems in Ad 
ment. Teachers may have to assess students in different achievements. Even when they study i 
same things they may learn at different rates and assessments will have to occur at pl e 
times. The guidance in assessment standards which is provided by comparisons between studen S 
is reduced. The main issues which appear are concerned with the role of assessment in such a 
situation and a consideration of the appropriate techniques of assessment. Some answers to these 
issues are indicated by Sweat in relations to an individualized course in college biology which mr 
developed in the United States. Student-instructor interaction, oral questioning, extra oy 
Options, self-evaluation and a comprehensive final examination which is discussed by studen 
groups and related to student contracts are suggested (see bibliography). 


External influence on curriculum content 


New developments in biological science tend to affect the area of study at student level. For 
example, student programmes have taken some account of the modern findings in ecology, 
emistry, genetics and molecular biology. The extent to which these can be 
o the state of learning and level of concept development which can be expected 
biologist may consider certain principles to be, 
red. The level of difficulty of tests must remain 
i - New concepts in new areas of biology will require 
particularly careful testing. 
___ There is evi -type answers that the inclusion of complex and difficult mat- 
erial such as metabolic pathways a 


design of experi 
nothing result, 


rated school curricula is likely to increase, Biology has 
4 : ies, iti i and econ- 
omics. Within biology itself there is an i 3 rela peiitical a Oy a 
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ticular conclusions. Cumulative assessment of oral or written work and of exercises which involve 
special studies or surveys are not only appropriate but also more acceptable to students of this 
type. In written examinations, questions requiring essay-type answers allow the development of 
cohesive arguments which can be marked by impression by more than one examiner and thus 


reduce personal bias on debatable issues. 


The effect of teaching approaches on assessment objectives 


Many biology syllabuses embrace a number of interacting concepts from which it is difficult to 
discern a logical sequence of objectives and this is reflected in the tests derived from them. It is 
relatively easy to assess phases of biology which are readily structured such as the recall of 
Specific facts or straightforward practical skills such as the use of the microscope or the ident- 
ification of biological material. These, however, are trivial compared with the main educational 
needs of students. The scope of biology as a subject for study is so great that unless some main 
pattern is used in the design of a curriculum any scheme of objectives for assessment is likely 
to be unrepresentative. Styles of biology curricula vary from those which are mainly inform- 
ational in their aims, teaching the subject in breadth, to curricula which are formational and use 
biology to illustrate the various aspects of science activities. Both of these styles may be com- 
bined in various proportions. s : 
The biology curriculum designed for the middle secondary level in India exemplifies the 
informational approach in which biology is taught in relation to the social needs of agriculture, 
human nutrition, health and medicine. Four main objectives are stated. , 
- Familiarity with common and important plants and animals in their environment. 

and life processes of plants, animals and of man. 


= Understanding of the basic structure : A : 
= Understanding of the main trends in the evolution of organisms, the concept of adaptation, 


the need for correct management of plant and animal resources. 
~ Understanding of a general relationship between man, and the plant and animal world. 


For such a syllabus, the objectives of assessment are mostly related to content and might be 


expressed in three main categories: 
~ knowledge of biological facts 
~ application of biological principes; $ ; 
a «nal science in € fe. 
understandi f biological science 1n everyday li Rats f i 
The a ee is more fully systematized in the Biological sciences curriculum 
study (BSCS) in he oat States at the upper secondary level. It has the following unifying 


themes: 
change of living things t} 
aac of type and u iif 
e genetic inuity of lite; i ; 
the Perot organisms and environments; 
the biological roots of behaviour; 
the complementarity of structure an 
regulation of homeostasis; 
science as inquiry; 
The the history of biologi 
irst seven of these 
roe relate more specifica 
student behaviours when bi 


nd principles; 


e — evolution; 


hrough time — evo" N 
ty of pattern 1n living things; 


d function; 


6 ons. 

eigen to substantive course content. The last two categories, 
lly to genuine understanding of the seven themes and to the range 
ology is taught 7 the maa mete ap rl an be 
Cat zad y ` de, in which student unders andin research processes is 
iel ey ee rade in which skills in design of experiments, recognition and 
formul ti Pa ical problems and hypotheses are used. The most explicitly detailed state- 

fion hopes oe E closely related to the writing of specific objective test items, thus 


Ments of inquiry objectives are 
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improving the precision of assessments. In countries where high levels of item-writing skills are 
available, this type of test development may be desirable. In many countries, however, a detailed 
analysis of science process skills related to education in biology is of more value for informing 
teachers of the detailed implications of the skills which are then tested in a few broad clusters of 
objectives. For example, in Thailand, a teachers’ guide on assessment of students studying the 


new biology curriculum at upper secondary level (1975) offers the following detailed list of test 
objectives. 


Knowledge 
of biological facts, terms and principles; 
of procedures in biology; 
of mathematics, physics and chemistry essential for biology; 
of criteria for ordering and classifying; 
of historical developments in biology. 


Comprehension 
explanation, translation and interpretation; 
calculation; 
applying biological knowledge in routine situations: 
making generalizations. 


Processes of scienti fic inquiry 
specifying a question in a problem as a hypothesis to be tested by an experiment; 
designing an experiment to test a hypothesis; 
interpreting observations and data in the form of conclusions; 
expressing trends from data; 
making predictions from data: 
evaluating a hypothesis from data or from knowledge. 


Application 
using knowledge of biolog 


? V y to solve problems in new situations; 
applying biological princi 


ples to social and technological situations. 


Tests are constructed using the four main headings only as the assessment objectives. 

_ The development of assessment objectives from the main aims of the curriculum in the 
Nuffield Advanced Level biology course was seen as the important device in securing a proper 
implementation of the curriculum through the prescriptive effect of a public examination. This 
effect continues by means of the design of questions and the feedback to schools through exam- 


iners’ reports each year, This examination e i i each of 
which is considered appropriate t mploys a variety of assessment techniques, 


ae © certain student abilities. The table indicates the development 
of specific assessment procedures from the general statement of aims of the curriculum. 


140 


Trends in techniques and criteria 


Nuffield Advanced Biology Curriculum 


Aims of the curriculum Assessment objectives Assessment techniques 


Objective test, essays, 
assessment of 
practical work. 


Acquiring a knowledge of Recall of biological facts 
living things and an and prineiples: 
understanding of the 

techniques used to study 

them. 

Assessment of 


Recording and handling 
practical work and 


Making observations and 


asking relevant questions results. j 
about them. — 
Analyzing biological Handling data, Structure gronina 
date and synthesizing constructing hypotheses. comprehension of a 
$ into conclusions and poo 
rinciph 
ples. practical work and 


projects. 


Structured problems, 
assessment of practical 
work and projects. 


andli itati i a tans- 
Heng guna ig aus rany 
nformation and assessing ation, interp $ 


significance. computation. 
Y " jective test, essays. 
Critical į Assessing hypotheses, Objec y He 
ical judgement of designing experiments. assessment of practical 
work. 


hypothetical statements 
in the light of their 
Origin and application. 
Devising, carrying out aes con 


Maki Paneo z 2 
Hs king use of acquired and presenting an by using operational 

¥ lowledge for identi- individual project. divisions. 

“ying and investigating 

i P n Essays, comprehension 
z : Biol. ee Expression of A 

eying the implications aa judgements of a printed passage. 

of biological knowledge supported by criteria. 


for human society. 
Essays, reports on 


Coherent and logical a 
projects. 


Communicating biologi 

nicating biological = 
communication. 

knowledge both coherently 

and with relevance. 


various assessment techniques in this examination are as follows: 


The allocation of marks for m 


Objective test A 

Essays 20% 

Structured problems 25% 

Comprehension of a P 

printed passage 10% 

Assessment of 

ee work in 15% 

Assessment of student ef 

Projects 10% the development of new styles of terminal exam- 


ting and in i 
t T mide for a maturation factor which operates both in teachers 


Both in the use of formativ 
to be acquired and internalized and early tests may not be entirely 


Mation some allowance mus 


and students. New skills have 
valid. 
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A further problem lies in the establishment of appropriate grading standards in new forms 
of assessment which are often introduced with new curricula. In some instances there is a period 
of overlap of old and new assessment procedures and the problem of equivalent becomes acute. 


The uses of different techniques of assessment 


A range of assessment techniques is available which, if effectively utilized, can meet, at least in 
part, some of the criticisms which arise when a single test is used to assess a complex of roc 
ments. The uses, disadvantages and advantages of the main techniques are briefly reviewed. 


Oral tests 


These allow students to demonstrate knowledge and understanding and also their ability to 
respond to ‘critical incidents’ such as the presentation of biological material which requires 


identification or which poses problems. The examiner has the opportunity to ask supplementary 
questions. Attributes of personality can influence examining. 


Disadvantages Advantages 


— Standardization is difficult — It isa flexible form of assessment. 

— Personality bias may influence ~ Simultaneous assessment by more than one 
cognitive areas. examiner is possible. 

— Only a limited sampling of a course — Ít can be used to elucidate other forms of 


is possible. assessment. 
— Itis costly in time. 


n in many European and Asian countries, questions sometimes 
© avoid personal bias. A particular use of oral testing is advo- 
y assessments. Students who have made studies in depth of 
ations are given opportunities to present their findings and to 
€ results are used to supplement other techniques of assessment. 
al biology courses for undergraduates in the United States, quiz 
oups of about 12 students are subjected to oral tests. These are then 


of s ed in self-instructional procedures. The questions are closely related 
to the objectives of each module of instructio 


which the question 
teraction between s 


eet teat a Sa Isori by Objective tests and essays have been widely discussed. The 
g wards objective testing continues, especially where course assessment for a 
e is also an increasing interest in diagnostic testing using 


on an increasingly large scale have caused 
in problems emerge. 
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In countries which have objective testing extensively, there is some evidence of a trend 
towards the use of short essays as a complementary form of assessment. The Advanced Place- 
ment examination of the United States gives equal weight to both techniques (Kastrinos, 1974). 
Essays provide special opportunities for assessment of the skills of coherent expression, synthesis 
and evaluation. Provided that the topics are well defined, such short essay questions can avoid 
the traditional disadvantages of several interpretations of a question by students and excessively 
arduous marking tasks. Essay questions have long been used to provide evidence of study in 
depth. A student may well have made such studies by selecting certain parts from a wide 
syllabus. The relevant examination has offered a wide choice of questions. This approach has 
also been used in examining biology syllabuses overloaded with factual content. A free choice of 
four questions out of nine gives 16000 possible combinations of questions. Many examinations 
have offered a wider choice than this. Thus, in effect, a multiplicity of examinations is being 
assessed and placed in a single rank order. Moreover, it is hardly possible for all the questions 
to be of equivalent difficulty or to test the same skills. Such considerations have been influencing 
the trend towards examinations with compulsory sections, each with certain main objectives and 


different techniques. 
Accompanying this trend, there is an i 


depth. 

. Structured questions which require extremely short answers for each part have become 
increasingly common in biology examinations at the secondary level. The subdivision of the 
material provides an element of objectivity which makes marking reliable and the student is 
left in little doubt as to what is required. This question type can make use of diagrams and bio- 
logical data and can provide opportunities for testing specific science process skills. By posing 
biological situations it can be used to test cognitive skills related to practical work very effective- 
ly. In the Nuffield Advanced level biology examination a section of such questions is used as a 
moderating instrument for the internal assessment of practical work. Problem-type questions 
in biology tend to have an all or nothing effect. If they are used in a compulsory section of an 
examination it is better to provide a number of short problems rather than a few large ones in 


Order to obtain a t assessment of students. : : ; , 
na J : ie d passages to test the comprehension of biological literature by students 


i A i i t and numerous and can be 

is relatively uncommon. Comprehension questions need to be shor 

arranged rA accordance with a progression of cognitive levels. Students must depend on the 
also be required to relate material in the passage 


passage t tions, but they may atso = è : È 
> roth pa ta (Lister, 1969). This ability to acquire new information from 


Treading and to relate it to previously acquired concepts is fundamental to a continued education 


In biology. , 
Open-book examinations are reported in 


ncreasing use of course assessments of studies in 


some tertiary level assessments in biology. Access 
to lit A ting of problem solving achievements is most relevant to specialized 
orature during the tsi te The problems used tend to be open-ended and the time 


Studies, especially at tertiary used t 
allotted is flexible. Reliance upon recalled knowledge is minimal. 


Assessment of practical laboratory work 
ercises aS an integral component, some account is 


s. Three areas of skills can be assessed. 
dissection, and the handling of apparatus. 


In biology courses which include practical ex 


usually taken of the assessment of practical skill 
l. Manual skills, such as microtechniques, 


Thes 3 t to be watched. ; 
SS es involving a range of psychomotor skills such as understanding 


instructions and carrying them out, using the results of exercises for recording and further cog- 


iti i i inati in teacher assessments. 
Nitive ski z ften tested in practical examinations or In r S , 
Pare E “practical work such as drawings, written records, dissections, micro- 
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preparations, handling of results by computation, inferences from observation, PRA 
hypothesis. These can be assessed after the practical work is finished: They are the na Anna 
veniently assessed skills in formal practical examinations. Only at a high level and with 


š ; sa onina 
wide resources is it possible to test the design of an experiment and its implementation in 
formal examination. 


Practical examinations. The special virtues of impartiality and uniformity usually ela mied be 
examinations are offset by the special restrictions imposed on the nature of the oe os 
in biology which can be assessed. There is a restriction of time which limits the a cor 
cises. Many biological experiments are of long duration and cannot be tested. Biologica rss a 
erial is variable and provides only a limited range of experiments from which definitive T re 
can be expected. Many biological investigations are open-ended and assessment is more om = 
carried out on the process than on the end product. The questions in a practical examina ath A 
necessarily limited in number and range, providing a very limited sample of students’ ski ne 
small error, such as the severance of a blood vessel in dissection, or failure of a potometer can i 
crucial to results. In such tests, students show more signs of stress than in any form of pes 
ment. In public examinations, the increase in numbers of candidates and in costs has led to sever: 
administrative problems. g oie 

A detailed list of the objectives of a practical test which forms part of a public png te 
is a powerful instrument for influencing the teaching of biology. The statement by the Joir 


Matriculation Board in the United Kingdom on Advanced Biology comprises the following four 
main headings. 
Le 


To investigate and compa 
2 To investigate, compare 
structure of organisms. 
3. 


F : core e 
To conduct (or observe demonstrations of) experiments, with description of procena; 
presentation of data graphically or otherwise, discussion of data and drawing of conclusions. 
4. To recognize the major plant or animal groups to which specimens belong. 


Further details are given within each of these sections which are tested in a three-hour exam- 
ination. 


re the macroscopic structure of organisms. ; , ig 
and record by means of diagrams and drawings the microscop 


A different approach to the state 
inations Council for the Advanced Ce: 
specified in each section of the syllab 
and a half hours is based on these. 


ment of objectives is shown by the East African Exam- 
ttificate in Biology. The expected practical activities ss 
us in relation to each area of study. A practical test of on! 


Cumulative assessment of practical work. Provided that certain problems can be solved, the case 
for assessment of Practical work by teachers rather than by a terminal examination can be 
supported on both educational and administrative grounds. Assessment in class enables a range 


of skills to be sampled over a period of time. Biological exercises which cannot be tested in 
limited, formal examinations can be ta 


; : ken into account. Accountability, whether in a system of 
internal credits or as a component of a public examination makes it essential to specify the areas 
of assessment. 
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assessed. 
A. Possession of appropriate manipulative skills. 
B. Carrying out observational investigations. 
C. Carrying out experiments or procedures in accordance with instructions. 
D. Handling experimental data. 
E. Planning investigations and experiments. 
Further details are given, with a grading system for each of these abilities. In addition there is a 
comprehensive pamphlet of suggestions for practical exercises and their assessment. 

During the trials of the Nuffield Advanced Biology curriculum, three alternative methods of 


assessment of practical work were investigated (Kelly and Lister, 1969). These were assessment 
ed objectives, assessment of current class exer- 


by means of structured tests with closely defin 
cises, and global assessment over a period of time. The global assessment procedures were found 
to be comparable in accuracy to the structured tests and more convenient to administer. The 
current procedures for this course were developed as a result of this investigation. 
The special problems of grading practical skills lie in their diversity. If a large number of 
categories are separately assessed, there is a regression towards the mean when they are com- 
btaining a profile of abilities are lost. 


bined for a single grade. Moreover, opportunities for o 3 > of ; 
Such lack of discrimination on both counts is evident in practical examinations. This reduces 


their ‘qweishtige: ¢ the whole assessment of student achievement in biology. 

jetsiting a a somoeone ahy of standards of assessment between different schools 
Poses special problems in relation to practical work. Moderation by a ens ay can be 
applied to recorded outcomes of such work. External reference tests which test skills re ated to 
the results of practical exercises are both expeditious and reliable as a form of statistical moder- 


ation ills remains a problem. Assessment of these involves actual ob- 
tad pl arapeges ay re which is difficult for the teacher and even less 


practicable for a visiting moderator- 


a procedu 


Asses E tical projects. The inclusion of these in assessments of biology 
dssesoment of individual paces system of complete interval See become acute. A sol 
inations. In the latter case, the problems of comparability a A i aay ear itenlatn i aaa 
ution to these problems was proposed by the Nuffield A cong id E a f projects i p 
ment team (Eagleston and Kelly, 1971). in this curriculum, the wide variety of projects is now 
assessed under the following operational divisions. 

l. Statement of the problem. 


S Investigation of background knowledge. 
4 Plans the procedure. — 
‘ nferences from practica work. tions for further investigation. 
5, ait owledge. Suggestions for tu g 
The a Plating inferences to backer culm is fully discussed in an explanatory booklet. Each 
ivisi efinition of a project 5 jnt scale and the projects are moderated by a team of external 
Sion is graded on a five po of students. 


assessors who scrutinize the written reports 


PROBLEMS OF CHANGE 
st take into account not only the constant factors 
ariables. These include the social needs 
d the nature of local ecosystems. As curricula move towards 
e more prominent. This is especially true at lower second- 
hom the study of biology is part of a pattern of general 


curriculum mu: 


Th ; 
e development of a biology influence of regional v 


of biological science but also the 
of people, cultural attitudes t° life an 
Breater relevance such yariables becom 
ary level and in respect of those for w 
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education. For upper secondary and tertiary levels, the constants of biological science become 
more prominent objectives, not only in relation to the universality of formal thinking but also as 
part of a wider currency of qualification in biology. A 

A very full commitment to local relevance has been developed for the new general science 
curriculum at the lower secondary level in Sri Lanka. This is related to pre-vocational studies 
based on local crafts and industries. About 75 per cent of such studies are biological, such as 
fishing, crop growing and handling agricultural products. This a development is intended to 
counteract the alienation of students from local employment opportunities, an alienation which 
is often associated with academic studies. The National Certificate of General Education taken 
after four years consists of: 

Paper I. 45 objective items on recall, comprehension and application. 

Paper II. A. Structured questions related to practical skills. , 

B. Free response questions to test critical abilities and conceptual levels, with some 
evidence of attitudes. 
Local assessment of the practical skills is to be introduced gradually. Eventually it is hoped to 
give equal mark allocations to internal and external assessment. , 

Trends to replace external examinations by internal assessment in schools are apparent in 
Australia, New Zealand, Canada, and several European countries. In India, the Examination 
Reforms Committee has recommended a system of autonomous schools similar to the accredited 
schools of the United States. In Thailand, internal assessment is proposed as a logical concom- 
itant of the change to a system of semesters. 

Producing valid assessments on the whole range of skills in a curriculum represents a severe 
challenge to teachers. A transformation of the functions of the central examining authority 
could provide support by the following developments: 

— Organizing pre-service and in-service training in the complex skills of test writing: 

— providing models of test design, together with teachers’ guides; 

— providing a bank of items on which teachers could draw for the construction of tests; 
— Organizing schools in groups for mutual support in testing. 

In the United States, much use is made of commercially produced tests available from a number 


of agencies. In several countries, books of test items are published, many of them, however, of 
poor quality, 


i Grobman (1966) has indicated that teacher-made tests generally highlight isolated know- 
edge of some sort, Firstly, because of a lack of expertise for testing higher-level skills and, 


secondly, because the items tend to refer to previous learning situations and therefore regress 
towards recalled knowledge. 


INTERNATIONAL CO-OPERATION IN ASSESSMENT OF STUDENT ACHIEVEMENT 
Exchanges between countries 
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Pag of the assessment of student projects are now possible between developing countries 
pith re more likely to encourage their application than the direct provision of techniques from 
more developed countries. Some sharing of item banks is already taking place between develop- 
ing countries. This could be extended as part of the co-operative activities in biology nie 
ee a region. A range of materials, especially documents offering specific guidance, is avail- 

e from a number of projects in developing countries. These could be selected on the basis of 


their relevance and distributed more widely. 

Visits 

ona e place in various curriculum development projects. 
eir functions are concerned with policy, aims, objectives and techniques. Their initial act- 


ivities involve the relation of assessment to the curriculum and the ultimate outcome of their 


work is the production of a viable team of examiners. At all stages, their work is related to the 
evaluative activities of curriculum development. The critical stages of implementation of a new 
curriculum on a wide scale require the special attention of evaluation experts, including assess- 


ment specialists. 
developing countries, especially those concerned 


Short-term visits of key personnel from 
to corresponding institutions in other countries is a useful and 


Visits of specialists in assessment already tak 


with administrative organization, 


rapidly assimilated form of co-operation. 
_ On the longer term, studies and researches by students at the higher-degree level in univer- 
sities can assist countries to produce their own assessment specialist. 


Studies in assessment 


Two types of research are indicated. 
System maintenance research. 
Ment systems. On the internation 
oe have been undertaken. A 
heir respective views and progress @ 
ae further stimulus for the improvement of 
diction by the establishment of good criteria for 
trolled change in assessment, biology education itself can b 
Within the schools. 
ie Evaluation research. 
ite ee small-scale researches. 
l rnational co-operation. Investiga 
evels of cultural development and the forms 0 


clopme t the transition between 
nt. The effects of assessment on 
Where there are conditions of restricted access need urgent study. C 


economic and social context within which assessments are made woul 


Proving their relevance and credibility. 


ed with the improvement of existing assess- 
al scale, some studies in equivalence of assessment between 
continuation of this trend would enable countries to compare 
t various levels of education. Such comparisons would pro- 
validity, reliability, profiling, diagnosis and pre- 
r assessments in biology education. By such con- 
e improved while ensuring continuity 


This is concern 


more fundamental issues of assessment have led 
much remains to be done in areas which require 
tions of the objectives which could be appropriate at various 
f assessment which are related to them require dev- 
the various levels of education 
onversely, studies of the 
d be a useful step in im- 


Investigations of the 
However, 


SUMMARY AND RECOMMENDATIONS 


L. ould be directly developed from statements of the educational 


Ass ivities sh : 
chine ao ioo curriculum. Assessment of students at lower levels of educ- 
ae with their level of concept development. At higher levels of 


atio oncerne rei te ; a a 
EE ar appl to absolute standards of competence In biological science is to be 
expected. 
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: i ents. 
Effective teaching requires continuous diagnosis of the state of ck a na ace ou 
The employment of diagnostic tests as an integral part of biology edu atı ae Om 
to the process. Teachers may be a meg ee such tis by the provisio 
central bank or by complete tests produce y experts. : i wot 
The testing of objectius in biology should not be obscured by a md 
verbal skills (such as comprehension and expression) in the lower leve a o e uf e enion, 
cultures in which opportunities for or ei an Hn ge eve 
ills should be tested as an essentia part of scienc F a 
oe of student achievement are most likely to reflect the objectives “ote seed 
when they are constructed on a two-dimensional matrix in which one Peo rdl 
cerned with the content of the biology curriculum and the other with t pr seal of 
skills which students employ in their answers. These skills should coir md 
knowledge and comprehension of biological principles and also those relate Br a 
of science such as the application of principles, the handling of data, constru 
ti f hypotheses and problem solving. ; j 
je e A eae of aims of the curriculum is more likely to oee 
employing a variety of assessment techniques rather than a single style of ne oe 
should be required to respond to a range of question types, preferably use a Pa 
sections of an examination. These might consist of objective items, structured ques “4 ri 
essays. In addition to these, assessment of specific activities during the course o 
could be used. f , t 
The reliability of written examinations as consistent measuring devices for Ss 
achievement could be improved by reducing the extent to which students To a i 
free choice of questions. The variations in levels of difficulty and in the skills whic a i 
tested in different questions tend to make any selection of them a unique test for 


A i f all 
student. Conversely a test of compulsory questions offers a consistent measurement o 
the students who are being assessed. 


: A import- 
As practical experience of biological material, phenomena and experiments forms an imp 


EEE be 
ant part of biological education, assessment of student activities in these areas er 
made. Cumulative assessment of student achievement provides opportunities ett 
nosis of the skills of observation, manipulation and recording as well as for eluci 


Skil F ess 
by oral questioning. Formal examinations of practical work are less concerned with oni 
as they tend to be Confined to assessment of the outcomes of practical skills. Moreover, 
they preclude the assessment 


d of long-term biological experiments and also produce prob 
lems in assessing experimental results from variable biological material. ib- 
The complete educational effects of a curriculum will include the development of attri s 
utes in a biology course might include those which are essential to science such as ot 
tosity, persistence, willingness to think critically and favourable attitudes towards the study 
of biology. While the inclusion of such attributes in schemes of cumulative assessment Is 
questionable, the diagnosis of these is a valuable part of the communication between teach 
er = student. Further research is needed on the effect of attributes on student achieve- 
ment. 

Opportunities fo 
field work and 


i husiasm 
and attitudes of social teammate of such groups as a whole can increase ent 
work of each student must be 
are lost. 
Accepting that achie 
teachers, it is recom 
should be included 
the equivalence of 


vement of Some objectives can be assessed most appropriately Li 
mended that in any external examination system, teacher singe 
as some part of the final assessment of the student. At the same tim 
Standards of assess 


ment between schools and institutions should be 
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included as some part of the final assessment of the student. At the same time the equival- 
ence of standards of assessment between schools and institutions should be maintained by 
some form of moderation. 

8. Pre-service courses for teachers should include training in the various techniques of assess- 
ment with some indication of their use in relation to particular objectives. Teachers at all 
levels and other persons concerned with examination procedures should be encouraged to 
attend in-service courses for similar training, for information on new techniques and for 
the purpose of making their own contributions to changes in styles of assessment. 

9. Co-operation between teachers in test development and other assessment techniques is 
desirable. Sharing of assessment material on a local basis is a useful form of reinforcement 


of such activities in schools. 
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INTRODUCTION — BIOLOGY TEACHERS AS EDUCATORS 

The powerful and thought-provoking Unesco publication, Learning to Be, makes the following 

statements (78! p. 216-17). 

— One of the essential tasks for educators at present is to change the mentalities and qualif- 
ications inherent in all professions; thus they should be the first to be ready to rethink and 
change the criteria and basic situation of the teaching profession, in which the job of educ- 


1. phy, page 184. 


Numbers refer to the bibliogra 
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ating and stimulating students is steadily superseding that of simply giving instruction. 
—  ‘Present-day divisions between formal and informal, school and out-of-school, child and 

adult education are steadily fading. Furthermore, teachers trained today will still be exer- 

cising their profession after the year 2000. Their training should be designed with these 

two facts in mind. . 

— ‘Conditions in which teachers are trained should be profoundly changed so that, essentially, 
they become educators rather than specialists in transmitting pre-established curricula; 
the principle of a first, accelerated training stage, followed by in-service training cycles, 
should be adopted’. oe 

What characteristics, then, make the biology teacher an educator ‘rather than a specialist in 

transmitting pre-established curricula’? Most training programmes developed in the past five 

years have tended to focus on the development of professional competence rather than on 

merely training in the understanding of biological concepts or in academic pedagogy (284). 

Competency-based teacher education has become a theme for the second half of the present 

decade. Authors such as Houston and Howsam (122) have discussed the characteristics of com- 

petency-based instruction. Such instruction involves clearly specified learning objectives in be- 
havioural terms; specification of one or more means for determining the objectives; specif- 
ication of the methods of assessing achievement of the objectives; public sharing of the object- 
ives, means of assessment, criteria and alternative activities; and assessment of the learning in 
terms of competency criteria. Competency-based programmes usually imply mastery learning 
and they place on the learner the responsibility for meeting the criteria set down for the course 

(122: p. 5-6). " 
There are many examples of programmes which place some stress on competency as defined 

above. Mention may be made of the Science Teacher Education Programme (STEP) in the 

United Kingdom (110, 111, 264, 265), and of programmes in Australia (171), Canada (214), 

Nigeria (291, 308), the Philippines (117), Thailand (162) and the United States (6,7, 24,52, 95, 

142, 161). General considerations of competency and of relevant models for teacher education 

have been reviewed in a recent Unesco report by Razik (235). Competency-based programmes, 

however, have little meaning unless placed in a broader context. 

In 1968 Joyce, in a report issued by the United States Office of Education (137), proposed 
an overall model for teacher education. He suggested that training programmes should aim to fit 
teachers for four basic professional roles. These are as follows. , 

The scholar - the teacher should have a sound general education; be an expert in his 

special field; and have a good understanding of children and of teaching. 

The interactive teacher - with a flexible personality sensitive to the needs of learners. 


The teacher innovator - a teacher committed to the inquiry approach, constantly willing 
to test new ideas. 


The institution builder - a teacher as a mem 
involved in developing organizatio; 
Haysom and Sutton (110), in d 
in the United Kingdom (111, 2 
of the desirable characteristics o 


The capacity to be an efi 


ber of a team understanding the processes 
nal system and the process of selecting goals. , 
eveloping a rationale for the Science Teacher Education Project 


48, 264, 265), closely parallel the ideas of Joyce, giving examples 
f teachers as follows: 


fective manage: PON E x f the 
curriculum. ger of learning emphasizing the importance o 
— The capacity to create and intai ; F P A r . 
interacio maintain productive relationships with pupils - stressing personal 
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level and the macro-level. The former refers to classroom behaviour and the latter to the teacher 
‘as a community functionary in a broader sense’. Marklund believes that it is.in the combination 
of the micro and macro-level behaviour that ‘we have a chance of developing new theories con- 
cerning teacher aptitude and teacher effectiveness’. 

There are a number of useful statements about the desirable general attributes of a science 
teacher and of a biology teacher in particular. One such statement issued by the National Science 
Teachers Association (NSTA) of the United States (202) is in the form of a ‘self inventory’ or 
checklist. The NSTA list suggests that a professional science teacher: is well educated in science 
and the liberal arts; possesses a functional philosophy of education and the technical skills of 
teaching: continues to grow in knowledge and skill throughout his career; insists on a sound 
educational environment in which to work; maintains his professional status; contributes to the 
improvement of science teaching; and takes a vital interest in the quality of future science 
teachers. At the University of Maryland a useful checklist of seventy-five desirable professional 
attributes has recently been developed by Melton Golman (95). Golman claims that this list also 
provides a tool for in-service teachers to ‘self-assess their basic science teaching competencies’. 
The list is grouped under the following headings: instructional foundations; instructional tech- 
niques; curriculum development; (knowledge on professional organizations; instructional 
media; i ion: and emergency procedures. 

T eaat P E ai for Educational Research in the United Kingdom pub- 
lished a handbook of The Objectives of Teacher Education, developed by the ae pe A Si 
ation of Leeds University (159). This list is in the tradition of tr na ate ir : uc- 
ation as it provides parallel lists of the needs of pupils and the professional nerds t : ry anes 
It thus implies an accountability in terms of the behaviour of pupils. he sta pe na ai 
needs includes items such as ‘to develop the ability to observe, mease an w me : 
teacher may be expected to become skilled in professional matters such as evising schemes o 


Ww : p: 26-27, 32-34, 44-46). ; ; , : 
ee skills required of the teacher of biological science two recent studies 


3 i i iology teachers in four 

a i i enherz and Probst (19), working with biolo 1 

mae enida ma ite States in 1973, identified 35 biological techniques and 

skills hee a e ies believ ired by teacher trainees before they begin 
hese te 


ed should be acqui c i 1 beg 
teaching secondary school biology- Techniques includes such skills as using microscopes, pithing 
frogs, measuring pH, using k 


aphs and applying streak-plate techniques in microbiology. In 
the United States Ee a examined the skills of the biology teacher Dn a broader 
basis and in his yeliisble monograph on the pre-service preparation of co dae peg rer 
teachers has included a comprehensive checklist of skills originally deve 4 ike Thi A e 
Commission on Undergraduate Education in the Biological Sciences (CUEBS) (156). This check- 
list is in three parts. The first part lists nine skill 

teaching; for example, to develop an awareness O 


s relating to the philosophical basis of biology 

f the interaction between biology and ee 

i ibilities of the biologist. The second part is concerne: 

with pene poem te Leper are listed, including the need pee a 
R A e and to be skilled in determining materials, gep men an supplies 
am ki 6 rocedures for ordering. Part three concerns oe a or prospel j 
biology a E skills are listed under such headings as the p : psor! hy n Fag id 
the biology programme, use of instructional media, classroom techniques, p 


facilities and e i hniques. 

valuation techniq 5 
These and similar statements about itio oa 
. i i changing emp stl 
oe Re en eel educational objectives rather than those related only to the limited 
ea or bronc rs biologist. These objectives emphasise intellectual skills associated with 
pierenty of thegrademie Aege 2 issues of individual, social and nation- 


i i 206, 262, 300) and stress 1 
ae am e 138, 206, iculture, economic growth and attain- 
evance such as he 


characteristics of the biology teacher have 
chool biology curricula. Schools now stress 


h, personality development, agri 
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ment of national goals. More established programme such as the Biological een — 
Study (BSCS) in the United States (99), and the Nuffield Biology Ladi cal eee 
Kingdom (144) have influenced newer and even more broadly based a s 49): India 
ary school biology courses now offered in East Africa (187, 269, 286); me Tek. Somi 
(128, 183); Malawi (176); Malaysia (250); and the Philippines (117), to name tal eerie 
biology courses have evolved into broader programmes of integrated oe (234); the 
studies (233). Examples include the Australian Science Education Project Po oa of 
socially oriented integrated science programme that began in 1973 in the mi gin Te tnni 
Nigeria (90); the integrated science programme for secondary grades 1 to 3 P am ons 
science programme for secondary grades 4 and 5 in Malaysia (250); the oy we thie West 
gramme for ages 12 to 15 in Ireland sponsored by Trinity College, Dublin (225); an 

Indian Science Curriculum (295,311); 

These trends reflect the strong pressures on the curriculum maker to correlate de ate 
closely with the needs of society. In turn they have resulted in a rethinking of the i ofthe 
biology teacher and of his desirable attributes. They have contributed to a 7 e pining 
objectives, patterns, content and processes of his pre-service and in-service inter ie pe 
teaching becomes more relevant it also becomes relatively more popular compare ie = tone 
sciences as shown in recent surveys by O’Donovan in the United Kingdom (213) and Fen 
Australia (90) and this, too, has implications for patterns of training and retraining. F ias 

In summary, the qualities and characteristics of biology teachers have changed K sadly 
needed for the organization and relaying of factual information about biology to more br To 
defined professional competencies with a stress on problem solving and inquiry agen naw 
newly trained biology teacher must be flexible in the face of social change since he me rele 
teach courses of direct relevance to the needs of individual and of society. He must be an 
too, in coping with a rapid growth in the popularity of biology as a school subject in prefer 


é z É; To- 
to the physical sciences. The trend in training, therefore, is towards competency-based p 
grammes of teacher education. 


PATTERNS OF PRE-SERVICE TRAINING FOR THE SECONDARY SCHOOL. CONSEC- 
UTIVE OR CONCURRENT TRAINING? 


The James Report (62) on teacher 


, i in the 
education in the United Kingdom proposes three cycles i 
development of a practising teach 


er. The first cycle is a two-year diploma of higher bie 
stressing personal educational development. The second cycle is a two-year teacher gril 
Programme in which one year is spent in a training institution and another in a school. ly 
second cycle ‘should be specialized and functional by being directly related to the work like n 
to be undertaken by the Prospective teacher at the beginning of his career’ - a plea for a ne 
urther professional growth, the training of the teacher for tunae 
developments and to cope wi ange, is the concern of the third cycle. In a planning PaP 
prepared for the School of Education, Macquarie University in 1974, Harry Thompson (27 
s ‘innovator’ and most skills associated with Joyce’s ‘institution 
builder’ (137) are properly the Province of the third cycle of development as defined by the 
-service phase. 
attempt to answer the perennial problem of the teacher educator who 
‘has to produce a product in tł 


ne present that must Operate in the future’. Yet to cater for an uncert- 
itional cor 
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Another problem of concern is how best to maintain a balance between the content and 
structure of biology, on the one hand, and of training in pedagogy, on the other. Traditionally, in 
most European school systems and until recently in many developing countries, the method for 
training secondary school teachers has been by means of a conventional science degree with a 
biology major followed by an ‘end-on’, i.e. consecutive year of teacher education - the convent- 
ional B.Sc. Dip. Ed. approach. The main difficulty with this is usually the lack of integration of 
Objectives at the various levels of the programme and the divergent philosophies of the scientist 
and of the educationalist. In the ‘end-on’ approach, development of most of the attributes and 
professional competencies listed in the first part of this chapter is unrealistically compressed into 
the last year of the four-year programme. Some end-on programmes, however, have tried to over- 
come this problem by maximizing the development of teaching skills. The Diploma in Science 
Education offered by Monash University, Victoria, Australia (81, 82, 101) is an example. This 
course is designed to capitalize on the particular science backgrounds of students. There are three 
components. Firstly, there is a core programme in science pedagogy undertaken by all students. 
The second element is a series of elective units or minicourses involving both skills and science 
content. These are laboratory-based and designed to provide skills in areas not covered by the 
earlier training. The third component is a week-long residential camp during which groups com- 
plete an assignment on a teaching unit. Another example of an up-dated approach to ‘end-on’ 


training is provided by the University of London Institute of Education (165, 292). 
In France, where all biology teachers also teach geology, the training scheme for secondary 
school teachers (lycées and colleges) involves academic training of ir or five yeis duration 
within the universities-and under their authority; this part of the training is of a rather high 
level and does not necessarily differ from that of those who are trained in biology and geology 
but do not want to be teachers. After these purely university studies, the future teachers take 
national examinations, the Certificat d'aptitude au professorat de nenselgnement secondaire 
(CAPES) after four years of study, and the ‘Agregation ‘after five years. Having passed one or the 
Other of these examinations, the student teachers are given padegogical training lasting one year 
in regional centres (Centres pédagogiques régionaux or CPR which come under the authority of 
wale); as a main activity, they attend what 


the Ministry’s G Inspectorate (Inspection gener etiv 
are peso he posi Hea the classroom’ with senior teachers - this involves a total of 27 


w i ; 5 which has been applied since 1950 is now evolving, first by 
apse pea ma AS a concurrent schemes of training, within the framework of 
which academic and pedagogical training co-exist; then by ee ee of research and teach- 
ing units (Unités d'enseignement èi oe zeia a a — f to ee ii within the 
Another factor in the evolution is the deve opnien Ie 5 or nit ld la ri Hetel 
National Institute of pedagogical research and documentation Unstitut po e la rec ue 
et de la documentation pédagogiques’, INRDP) and the ae of ea schools (12 . 
The alternative to the end-on (or consecutive) prome mie 7 cia paro a EREE E 
Pattern. In the concurrent approach, the training in the discipline of bio ogy is e in para e 
to the training in pedagogy throughout most of the programme. in some concurrent programmes, 


itea ; F biology) are covered in a department of biological science 
oe diate: (p: acts anata Oey TA a few cases, the staff is not differentiated and the 


cad in othersint department " hout the whole programme by the 
X wati f biology are taught throughout the ole prog yt 

one eee Se ethan i pattern of ‘concurrent’ training is the Bachelor of Education 
Progr en a a? ce United Kingdom, these degrees are four-year programmes offered by 
Colt amme (B.Ed.). q Three years of attendance at such colleges leads to the award of the Cert- 
fo a e T fied to teach in primary schools and in 


i i i ci d graduates are quali l 
rA pt erandi ee | (30, 56, 61, 279). A survey completed in 1971 of 
rms 


i Ci indic. 98 of 161 colleges of education 
Col ton in the United Kingdom indicated that x f ed 
ee ete we and that in the majority (86 cases) the training of B Ba. students 
was ee ae that of Certificate students during the first three years (12). The joint 


adary school 
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honours degree in science and education offered by Chelsea College, London (39) is an example 
of this type of programme. The concurrent B.Ed. programme offered by Worcester College of 
Education is also typical (312). : 

The B.Ed. approach is now well established in other parts of the world and has had varying 
success according to how well the concurrent elements of biology and pedagogy have been inter- 
related. In Cape Coast University, Ghana, the concurrent programme is developed in close assoc- 
iation with the biology panel of the Ministry of Education (211). The student teachers are 
required, during their first year at university, to actually work through the biology syllabus in use 
in the schools including completing all practical assignments. Interesting concurrent programm es 
are also offered by the following institutions: the University of Melbourne in Australia (208), 
Nigerian universities (291, 308), Njala University College in Sierra Leone (38), University of 
Malawi (48), University of Port Elizabeth, South Africa (192), University of the South Pacific 
in Fiji (48), and the University of Zambia (243). Concurrent programmes in the United Kingdom 
and in certain countries of the British Commonwealth have been reviewed by Barnes (13), 
D’Aeth and Brown (56), Greswell (98), Hughes (for Pakistan) (124), Northfield (for Australia) 
(208) and Ghani (for Malaysia) (93, 290). Some interesting examples are also described in the 
report of the Commonwealth Conference on Teacher Education held in Nairobi, Kenya, in 
April and May 1973 (48). The following programme of the Universiti Sains, Malaysia, for the 
four year programme leading to the Bachelor of Science with Education is typical of the con- 
current pattern (93, 290) to be found in many countries of Africa, Asia and the Pacific. 


YEAR 


COURSE 
YEAR ONE 2 general education courses (42 hours each) 
+ 6 weeks teaching practise in primary school 
YEAR TWO 2 foundation courses (42 hours each) 
1 methods course (21 hours science + 21 hours maths) 
+ 6 weeks practise in biology 
YEAR THREE 2 foundation courses 
1 methods course (21 hours science + 21 hours maths) 
+ 6 weeks practise in biology 
YEAR FOUR 


1 foundation course 
1 mathematic methods course 
1 science course (biology + either physics or chemistry) 
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in Higher Pedagogical Institutes. These Institutes rovide two-year co i i i 
subject matter and foundation studies (General Methods) ai se E eee 
ods are taught by educational psychologists while the “special biology methods” are the respons- 
ibility of the subject specialist and form an integrated part of his course (1 13). ž 

; In Cameroon there is a further variant of the concurrent approach. Training in biology and 
in pedagogy go together, about 75 per cent of the time being given to the discipline. Training 
takes place in a teacher training college within the university. There are two cycles, the first of 
three years and the second of two years. The first cycle prepares teachers for the first cycle of 
the secondary school and the second cycle for the second cycle of the secondary school. Only 
one-third of teachers qualified in the first cycle proceed to further training in the second cycle 


(256). 


Supporters of the concurrent approach cogently argue that it has less direct effect on the 


students’ understanding of science (say biology) than on the opportunity provided for students 
to develop a personal position on certain aspects of teaching and education. Other arguments in 
favour of the approach are in terms of curriculum - the closer integration that is possible bet- 
ween academic and education areas, and the greater flexibility that is possible in course structure. 
This latter point is well illustrated by the very flexible concurrent programme offered by Rusden 
State College, Victoria, Australia (10, 42, 69). Rusden provides a four-year course leading to the 
award of a Higher Diploma of Teaching (Secondary). Students take eight academic subjects over 
the first two years in a School of Basic Studies and 18 units in the School of Professional Studies. 
Those specializing in biology can take units of education, including environmental education, in 
years three and four. Such graduates are qualified to teach secondary biology, physical science, 
general science, integrated science and environmental studies. 

In summarizing this section, it is fair to say that both consecutive and concurrent pro- 
grammes are being revised in an attempt to solve the central problem of balance between the 


demands of academic biology, general education and professional pedagogy. It is especially 
ademic biology strand be relevant to teaching needs in 


important that the content of the ac 
terms of objectives, content and methods. Such training programme aim to develop a “whole 
view” of teaching competence embodying more than knowledge of subject matter or mere 
Mastery of teaching technique (78, p. 217). It is significant that whole systems of education are 
redeveloping their approach to training and that, in general, it is the concurrent model that is 
Baining most support. On a Tee t report by Lewis (163) on trends in teacher 
education in Africa stresses the search for relevance and for closer integration between academic 
content and pedagogy. As an example of rethinking ata national level mention may be made of 
new trends in teacher education proposed for universities and training colleges in the Federal 
Republic of Germany (104, 246). The German universities are now introducing didatics of 
biology (i.e. methods of teaching biology) into the “first” or ‘scientific’ phase of a four-year 
training programme for school grades 11 to 13. This is expected to provide an effective bridge 
between academic biological training and theoretical pedagogy. At the same time, the pedagogical 
strand within the ‘first phase’ is to be increased to one-third of the allotted time and the biolo- 
gical content is to be cut to two-thirds the present level. There will also be an increased role for 
asic sciences such as physics, chemistry. mathematics, biocybernetics and philosophy of science 
(246). The universities of the Netherlands are also currently reviewing their programmes of 
teacher education (232, 296: 297) in order to develop a closer relationship between scientific 
Professional study and a deepened and broadened education preparation. 


ional scale, a recen 


PATTERNS OF PRE-SERVICE TRAINING FOR THE PRIMARY SCHOOL 


e is based on a broad programme of 


school curriculum in scienc 
and usually biology plays a central 


In most countries, the primary > l 
or environmental studies, 


natural history, general science 
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r a OF 
role in such programmes. Teachers are generally trained in colleges of acaba pirer pro 
grammes from one to four years and almost all are designed on the Pe K = (12) and 
ificates of Education awarded by Colleges of Education in the Ma sagt jee gilts of 
Australia (23) and the programmes of the Pedagogical Academies in t e 3 ele 
Germany (246) are typical of the pattern. In some countries primary on d States (6, 289), 
universities or university-type colleges anil yen 7 parien ea n Pa nite A 
t usually these programmes are also based on the concurr . : cr 
dj Training in Holey for the primary school does, however, present ee ced 
report of a survey of teacher training for science teaching in the primary mee as:destelup 10 
States undertaken in 1969 by Blosser and Howe (24) it was stressed that n n A eF 
teach at the elementary school level cannot be prepared as specialists in i m a hey ace 
areas which they are called upon to teach in a self-contained classroom, at ra ial topis tó 
year preparation period’. Part of the answer may be in the careful selection o a en ul 
be included in such a programme so that time is not wasted on irrelevancies. ope Cisne 
supported by a study completed in 1973 by Frosch (89) of courses at ot ae os i. dowo 
which showed that elementary teachers and college faculty differed markedly a cs aries 
which biological concepts were of importance in the training programme. Mroseh PE af 
that much of the training of the primary teacher in the methodologies of the tea 
biology may need to be deferred to the in-service phase. f , ; i 
vd mae developing countries, training for teaching science in primary schools carne! 
reasons of both supply and cost, be reduced in length. Secondary schooling in itself is ta valify 
be part of the training. In many such countries, experience in the primary school may a fall 
selected teachers for sandwich-type, concurrent, or in-service programmes which, if saint y 
completed, would enable them to teach at higher levels of the system. A typical program 
the scheme offered by the Ministry of Education in Afghanistan (174). This is as follows. 


ini i de 
— After school Grade XII students train for one year at a Teacher Training Institute (Gra 
XIII). 


After two years of experience in 
course at an institute (Grade XI 
primary). 


: H for 
— Those teachers who have qualified as above and who have taught in middle schools 


2 R and 
at least two years are admitted to another year at the Teaching Institute (Grade XV) a 
may then teach in secondary schools. 


Countries such as India, with 
to find even more drastic alternatives (267 


primary school selected teachers may follow a a a 
V) and so qualify to teach in middle schools (upp 


nd those seeking admission must have passed in a 
e training schools, certain general courses have ie 
he help of Unicef, the training schools have aia 
hese science normal schools are qualified to teac 
n-service development. 


In these scienc: 


uates of t 
ported by i 


TRENDS IN BIOLOGY TEACHERS TRAINING PROGRAMMES TOWARDS CONTENT 
WITH GREATER RELEVANCE TO PER 


SONAL, SOCIAL AND NATIONAL NEEDS 
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(10, 42, 69). A similar programme is provided by Governors State University, Illinois (79) 
The University of Colorado now has a successful programme on International Environmental 
Problems (273). Columbia Teachers College New York structures a biology programme around 
a core of population education (126, 127). 

_ The Delaware Department of Education has sponsored a series of in-service activities 
designed to promote environmental awareness and responsibility (60). In Australia, the Queens- 
land Department of Education has organized workshops to train teachers in the effective use of 
environmental studies centres that have been established throughout the State (41). The Instit- 
ute of Education in Mauritius offers in-service courses in environmental studies for teachers of 
primary science (9). Lawrence (155) in a review of environmental studies in the United Kingdom 
claims that in-service courses are required to assist teachers of all levels become generalists rather 
than specialists. The Department of Education in Saskatchewan provides in-service training in 
environmental and field techniques (218). The University of Abidjan, Ivory Coast, includes 
courses in ecology of special relevance to the region (17). Students of the University of Zambia 
are trained to respond to local situations and to develop environmental resources such as 
school gardens and ponds, and to establish clubs for pupils especially interested in farming or 
other science-based activities (243). 

One other related trend is the change occurring in pre-service programmes to accommodate 
the expressed need of students to be involved in the design and administration of their own 
courses. Students now are often involved in planning courses and in evaluating the effectiveness 
of their programmes (133, 134). This has, on the whole, tended to make courses more relevant 


to individual and social needs. 


RVICE PROGRAMMES TO ENSURE THE 


LINKING PRE-SERVICE AND IN-SE 
OLOGY TEACHER 


CONTINUING EDUCATION OF THE BI 


Two points stressed by Unesco in the Report Learning to Be (78) are first, the need to break 
down the divisions between formal and informal systems of training and, second, the fact that 
teachers trained today will still be exercising their profession after the year 2000. These points 

ice and in-service programmes - between 


imply the development of closer links between pre-servii Ser i i 
initial training and cycles of retraining which will ensure the continuing education of the biology 


teacher. oe 
In the past, in most parts of the world, retraining 
highly staguitiaed and have generally had poor reputations (115). The older style programmes 


have, in the main, taken the form of short courses, often sponsored by voluntary groups or 
agencies other than those service courses. Yet the need for in-service pro- 


responsible for pre- 
grammes is unquestioned. Paul Mohr 


ng programmes for teachers have not been 


(189) writes as follows. 


‘In-service programmes should encompass these goals: JA 
— increase the effectiveness of all teachers, trainers, and trainees; 
— develop the interpersonal growth of teachers; 


— provide means of self-evaluation; , ; R 
~ change patterns and methods of directing learning experience; 


— improve utilization of educational resources; 


— improve teacher-child relationships; , , l 
— provide opportunities for discussion and sharing of ideas; a 

— provide adequate feedback about the effectiveness of their teaching; _ 

— provide opportunities for continuous growth and to extent competencies; 
~ assist practicing teachers to become more proficient in the use of media; 
— obtain maximum impact by teaching entire staff of a school; 
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— involve teachers in the planning and implementation of in-service courses: 
— provide atmosphere which facilitates growth and change; ae 
— involve teachers and teacher groups in research and experimentation’. 


An especially important aspect of such goals for in-service education is in relation to ety 
development. The key role of teachers in implementation and development of new ep AEA 
now been recognized. The relationship between these aspects of a teacher’s role 1988 in the 
programmes is not so clearly appreciated. In this regard, the work of Rubin ( Sa a of 
United States (242) provides some useful guidelines. Rubin concludes that it is the Kon 
leaders of curriculum development projects to set forth what they expect from in-service sia 
ation with regard to the new programme; provide the realistic wherewithal for the ae 
ment of these expectations; arrange for the release of individual teachers from Those > 
which seem to restrict him or her; and devise systems to evaluate the effectiveness of the i 
These concepts are further expanded and developed in the book edited by Rubin /mprov 
In-service Education published in 1971 (241 ). ‘or betwen 
The foregoing statements imply that there is urgent need for close co-operation Aii aie 
pre-service agencies; curriculum workers and in-service agencies; and that the more intima 
link, the stronger the cha : 
of the teacher 074), Few, if any, formal programmes have as yet been developed that bring 
together the complete reso 
the continuing education o 
(78). Links between pre-se 
degree of overall community 
California State Univers 
screens potential trainees by 


da : in local 
In Sweden, certain staff members of the Teacher Training College in Uppsala teach in lo 


thorn involves practising science ome 
“service programme by conducting iin 
Ty Out experimental materials developed by college staff (1 : 
Macquarie University in Sydney (173) and Monash University in Melbourne (101) have for ces 
“service seminars for their own graduates to help them implement ide 


d to obtain feedback on the effectiveness of the pre-service courses. 
In Ghana, links between pre-service 


panel of the Ministry which advises lect 
plan both pre-service and in 

The general problem 
training programmes for withi 
utions. Courses offered by igby Stuart College in the United Kingdom (65) and by the New 
South Wales Department of Ed ion i i 


In Northern Ireland there are both for 


community involvement in the continu 
the Outdoor Biology Instructional Strategies programme (OBIS 

Berkeley, California (77), which trains community leaders 
catering for pupils, parents and teachers and indeed any interested 
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citizen. 

Another trend, reported by David: Smith, is to strengthen community links by prefacing 
entry into college training by some type of work experience (254). 

These changes, of course, require the staff of pre-service colleges to themselves change and 
adapt to new technologies and philosophies. Many systems are now providing retraining pro- 
grammes for college faculty and programmes in Australia (180, 182), the United Kingdom (71, 
97), and the United States (58, 59, 76) provide useful models. 

In concluding this section the following quotation from the report by Unesco published in 
1972 on The School and Continuing Education (287: p. 177-78) is perhaps appropriate. 
A ‘Yet it is clear that education cannot be merely a preparation for life, and extend over a 
limited period; it must be a life-long process. Man today never stops learning. Education is 
losing its purely preparatory character and has become an aspect of living, a way of life. It is a 
vital constituent of all other specialized social activities. It therefore deals with ideas, experiences 
and social attitudes which have nothing to do with childhood and youth; and so it is losing its 


formal side and is ceasing to be ‘separated from life’. 
If this philosophy holds true for the average citizen, how much more should it be true for 


the teacher, whose task it is to help others learn. 


TRENDS IN THE STRATEGIES FOR TRAINING AND RETRAINING BIOLOGY TEACHERS 
As both pre-service and in-service programmes of teacher education seek more emphasis on 
teaching competency and on greater professional relevance, there has been a rapid change-over 
from traditional lecture and tutorial methods to a wider range of training styles and strategies. 

ity is typical of a world trend. The 


The following statement of policy by the European Communi i | 
Community’s Directorate-General for Research, Science and Education reports a growing concern 


among teacher educators of member countries for the development of a “less formal and more 
in turn has involved intensive and widespread programmes of in- 


imaginati ” i 
e apa E a rr a 4 the teachers the new skills and attitudes which these innovations 
demand”, (247). The diagram overleaf summarizes some of the factors influencing the develop- 
Ment of strategies for the training and retraining of biology teachers. Newer strategies and tech- 
niques for the training and retraining of teachers have been reviewed by Finch (85), Harris, 
essent and McIntyre (107), Johnson (131), Rubin (241), Tisher (275) and Watkins (304) and 
Some accounts of new strategies are included in the reports of the Commonwealth Conference 
on Teacher Education held in Nairobi in 1973 (48) and in the final report of the Regional Ex- 
Perts meeting on the Asian Programme of Educational Innovation for Development, Bangkok 
1974 (288). 2 
he following section describes s : 
examples of their application in selected countries. 


ome trends in the use of newer training strategies and gives 


ctives is changing to training in writing objectives - generally 


Traini ji 
ning in nding Obje 
understanding behavioural terms 


expressed (but not always so) in 
ool curricula and for learning sequ- 
flected in programmes of training and retraining of teachers 
he importance of clearly stated objectives and 
behavioural or non-behavioural terms. The 


The emphasis on careful formulation of objectives for sch 
ences has, i been re 

, in recent years, : 
(105, 235). Most cone for teachers emphasise t 


most distingri ‘actives expressed in rn 
Vine bela ea (185, 223) and more recently of modules and minicourses 
(180 224) po hgh thei ‘systems’ approach, has further emphasised the key role of object- 
ea , eac 


Ves (audio-tutorials and minicourses are defined and discussed overleaf). 
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FACTORS INFLUENCING DEVELOPMENT OF 
NEW TRAINING STRATEGIES 


NEW OBJECTIVES 


COMMUNITY PROFESSIONAL PERSONAL 
INVOLVEMENT COMPETENCY DEVELOPMENT 


New Knowledge 


Trends in School 
in Biology and 


Biology Curricula 


Education e.g. NEW e.g.Inquiry and 
Learning Theory TRAINING Social Relevance 
STRATEGIES 


Political 


ADVANCES IN 


and EDUCATIONAL 
Economic TECHNOLOGY AND 
Factors NEW USE OF SPACE 
METHODS 
OF 
EVALUATION 


More recently, stress has been on trai 
Courses, practice lessons, and for units of 


Institute of Education Dar es Salaam tra 
new biology curricula (184, 187). At 
trainees are €ncouraged to write specific 


ning student teachers to write objectives for their ow" 
work. In Tanzania, for example, workshops held at the 
in teachers in the writing of behavioural objectives for 
the University of Manchester (U.K.) biology teacher 


i : s sact- 
i : : objectives for lessons and are given checklists of obje¢ 

peed o self-evaluation of their teaching effectiveness (53, 54). In the United States, the under; 
graduate programme at Ohio State University in science education consists of five ‘quarters 


Or semesters each for a specific level of the Pid i , 
; 1 S schi i defined by 
checklist of behavioural skills which must be Aere a a re ý 
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paca of conventional forms of practice teaching to make more effective use of time 
Ri i to include more vicarious experience - films, audio recordings, microteaching and video- 
eplay 


mt reviews of the practice teaching component of pre-service training by Stanton (257), 
prones and Morris (260) and by Tibble (274) have highlighted the following three trends. 
irstly there is an increasing tendency to extend the time spent in schools to acquire practical 


skills, especially in concurrent programmes. A second trend is in the nature of supervision. 
Increasing attention is being given to appointing and retraining within-school master teachers 
or supervisors. A third trend is an attempt to relieve the pressure on training for laboratory or 
demonstration schools by spreading training more widely and by finding ways of complementing 


Supervized school experience by use of simulations such as ‘model’ video programmes combined 
with elements of microteaching. 


By ‘model’ video programme 
use of specific teaching skills suc 
available for replay and study by 
practising teachers. Micro-teaching, 


s is meant the recording on video-tape of good examples of the 
h as questioning, closure, or reinforcement and making these 
trainees. The ‘model’ tapes are prepared by highly skilled 
on the other hand, uses a similar technique but with the 


trainee himself as the subject. Specific incidents of classroom management or of the application 
of teaching skills are practiced by trainees either with actual classes or in simulated classroom 
situations with fellow students playing the role of pupils. These incidents are recorded, replayed 
and discussed by the trainees. Microteaching is now widely used both to reinforce skills developed 
during practice teaching and as a vicarious substitute for certain elements of school experience. 

(282, 283). Kenya provides an inter- 


Two recent books by Turney €t al. emphasize these trends (2% I 
esting example. Microteaching used to train teachers at the University of Nairobi has proved to be 


effective in developing teaching skills. It was introduced to replace the first external teaching 
practice normally held at the end of the first year of the B.Ed. programme (1 12). 

The effectiveness of microteaching in the retraining of teachers has been convincingly 
demonstrated by Perlberg et al. who have shown that it can change student-teacher behaviour 
from teacher-centred verbal imparting of knowledge to pupil-centred analytical thinking and 
non-verbal activity (217). 


The trend towards extending the time spent in schools is well exemplified by the system 


of training i eeks of school experience are now required in the training year 
Cr Arling fa Bronce a of Western Ontario, London, provides four continuous months 
of practice teaching in schools, followed by four months of college instruction together with a 
residential programme of 3-4 days at a biological field centre (214). Some systems require train- 
ees to work at different levels of the school system. For example, practice teaching for secondary 
School biology teachers during the Diploma in Education course offered by Queen’s University, 
elfast, includes two weeks in a primary school and ten weeks in a secondary school (83). In 
the United States, there is a trend throughout California towards greater use of off-campus 
training facilities and the majority of teacher preparation takes place in local schools with pract- 
ising teachers doing most of the aah ea ge 
isi ice teaching presen 

ten e a ers in mine There is, therefore, a trend towards the appointment 
Of special “master teachers” OT trainers within schools to supervise trainees. In most Californian 
Schools, for example, the supervising teachers are often especially employed ona part-time basis 
$ ase of the Flinders University of 


Y the training institution (280, 281). Another example is the case 
South eining ine A naed for the appointment in training schools of Special Deputy 


‘leadmasters who organize teaching practice. This has led to an increase in the practical exper- 
lence of students. As the Special Deputy, however, is not necessarily a biologist, the role of the 
Classroom teacher is also of prime importance (167). The problem has been approached different- 
ly in Malaysia. The Universiti Sains Malaysia has developed an ‘education student internship’ in 


lems. In large training institutions the staff 
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which selected teachers act as honorary tutors to students during school practice. Heads of 
schools and tutors participate in joint seminars with academic staff on aspects of science educ- 
ation and curriculum (93, 290). 

If ordinary school personnel are to be given the responsibility of supervising trainees, they 
themselves need special retraining. In Australia, the Teacher Education Programme at Macquarie 
University offers retraining programmes for ‘master teachers’. These courses use model films, 
video-recordings and microteaching methods to familiarize master teachers with the technologies 
being used in training the students they are to supervize (173). 

Turning more generally to the question of retraining, there is a noticeable trend tcwards the 
application of microteaching methods in in-service programmes. Two examples from the United 
States illustrate how these techniques can become the basis of a whole system of in-service educ- 
ation. The first example is a programme to improve the quality of the staff of a training college. 
The staff training programme for members of faculty (including biology education) mounted by 
the University of California (Berkeley) has three components. Each participant is video-taped 
while he teaches. He and the course instructor then analyse the personal video-tape using a set of 
prescribed criteria. Weekly seminars are also held with people from the same discipline (biology) 
to discuss teaching problems and to view representative video-tapes (194, 198). The second ex- 
ample is concerned with the upgrading of teaching at the school level. Microteaching and video- 
taping of lesson sequences are used extensively throughout the secondary schools of Illinois to 
improve the quality of science education through the development of skills of science teaching. 
Self-rating devices are used to evaluate the effectiveness of the retraining (318). 

The discussion so far may suggest that microteaching, whether used for initial training or as 
part of an in-service programme is of necessity an expensive technique involving a great deal of 
elaborate electronic equipment. This need not be the case. While audio or video recordings of 
teaching incidents are very effective, they are not essential. In Malawi, microteaching methods 
have been successfully employed without audio-visual technology. Students of Soche Hill College 
of the University of Malawi present a prepared lesson of ten to fifteen minutes to a supervisor and 
peers, the latter divided into a simulated class and a group of observers. The performance is 
critically analysed by observers and Supervisor (154). While lacking the facility to permanently 


capture every aspect of the teaching incident, this method adequately focuses attention on the 
Improvement of specific skills. 


An appreciation of student differences is leading to linking instructional techniques to individ- 


uals and groups, by matching resources and strategies with needs of individuals, e.g. programmed 
instruction, audio-tutorials, and multi-media training kits 


Programmes of teacher educatio Zos g é 
i n have, for ma ferences 
in background and rate of | ny years, tended to cater for individual dif 


earning by providing opportunities for students to proceed at their 
own pace. One of the first techniques employed to achieve this was programmed instruction. 


More recently it has been recogni 
a : gnized that conventi i aters for 
differences in rate but does not allow for pref yia er Manin oe 


af ievinestion, erence in the style of learning or in the medium 


pace by studying a variety of iils- 5 3 : ; s 
scientific apparatus, etc. - co-ordinated by aui r amns, films, vileo eee, piciun 
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biology teachers (140). The audio-tutorial recognizes that students not only work at different 
rates but can learn from a wide variety of media. More recently, however, the ‘closed’ structure 
of an audio-tutorial has been modified by providing students with learning kits presented in a 
wide variety of formats and media so that they may select media most appropriate to their 
learning needs (8, 180, 298). 

Other self-paced systems now more widely used in programmes of teacher education include 
the contract method and the Keller Plan. The contract method places responsibility for learning 
on the student by allowing him to proceed at his own rate to achieve mutually agreed objectives. 
The student ‘contracts’ to ‘master’ the objectives. The Keller Plan is a self-paced, modular scheme 
that involves the use of proctors (originally undergraduate students) to help in testing and tutor- 
ing and to increase personal contact in learning. A useful review of research related to some of 
these personalized methods in science education is given by Novak (210) and Bowman has report- 


ed a useful case study (27). : i i 
Example of personalized instruction in the training of biology teachers are available from 
many countries. In the Philippines, students of De La Salle Training College in Manila are given 


a series of ‘free-lab’ exercises that they complete on their own initiative. The approach is apprec- 
iated by students as it recognizes maturity and allows for creativity (3). In Canada, the Univ- 
ersity of Toronto includes a modified ‘contract’ system in its pre-service programme. Apart from 
Core activities, students “contract” to complete a wide range of optional activities. This pro- 
gramme is self-paced and caters for differences in background and interest (152, 153). In the 
United States, the first-year biology programme at the State University of New York at Stony 
Brook is based on the Keller Plan (261). ee S 
Some institutions have combined several methods of personalized instruction into a com- 
plete training programme. The Department of Biology of the Western Australian Institute of 
Technology, in its programme for first-year students, uses both audio-tutorials and the Keller 
Plan to personalize instruction. In the latter case, the third-year degree students act as proctors 
or leaders of small group tutorials and also establish the levels of mastery for each module of 
work. They determine when each student may proceed to the next unit (43). , 
es of in-service education. In the United 


These a aches are also useful in programm e edt l > 
States, the Oakland Community College’s Teacher Improvement Project TIP retrains teachers in 


the East Lansing district of Michigan in personalized instruction by developing an educational 
Prescription Paige individual child. This involves what is termed a ‘cognitive map for each 
learner. Diagnosis also includes matching the learners’ needs with appropriate media and res- 


Ources (172, 245). 

An interesting recent trend is for teacher € 
resources for programmes of personalized learning. C 
produced multi-media training kits for use by biology 
the State of Colorado. Most include colour video- 


ducation institutions to come together to share 
olorado State University, for example, has 
trainees in thirteen Community Colleges of 
tapes of single concepts (44, 135, 136). 


The excursion or field trip is evolving into training programmes for environmental and comm- 
unity analysis 
teachers have frequently stressed the need 


Pro : ining and retraining of biology 
Seear E eke Wk R a TY 188, 196, 218). More recently, 


this type of emphasis has broadened to include training for teaching about wider issues such as 


envi ity study (60, 77, 79, 125, 127, 145, 229, 268, 313). 

iron menial and doma glen af this trend. The Field Study Centres in the United King- 
dom, the United States, Australia and Canada are well known and all provide courses for teach- 
ers. In Japan, teachers attending Science Education Centres are trained in the techniques of field 
work and environmental studies (196). In Mauritius, two hours of school time per week for 
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P z > of 
twenty weeks are used to train primary school rte, ike Gee Se oe 
i ental studies for primary school courses - The t ! | Sing i 
cnt ei one for ae education and gives trainees special ni eager 
area (313). Teachers’: colleges in Sri Lanka help to organize re are a 0. 297), 
school programmes, and train students in principles of community invo oy at ie 
Two trends emerging in Australia perhaps suggest ways of ensuring tha sys a ia 
grammes of pre-service training and continuing education in field work = men i a ee 
first is to establish field centres in the grounds of training colleges. Newcast e 3 on be a 
anced Education proposes to establish such a field studies centre on its at ae sad ean 
and retraining of teachers in the techniques of environmental teaching (170). The se Deiat 
is to train teachers in the effective use of their local areas. The Queensland Departmen aren 
ation has appointed a team of experts to visit schools and help teachers map the gues Dae 
Tesources of the district. Workshops are also provided to train teachers in the skills of fie 
and to help in the structuring of environmental programmes (41, 229). 


i inii i vays of 
Conventional block timetabling is leading towards minicourses and other more flexible way. 
using time 


Individualized or personalized a 
from conventional approaches 
Another technique that has ga 
units of work, termed modules 
audio-tutorial method (223) and 
(224). Characteristics of minicou 
and by Meyer (180). They are s 
behavioural objectives. They us 
activity. Each module or minic 
designed as part of a coherent 
pre-tests are important. Students 


pproaches to training (see above) are one way to break cae 
to the use of time in pre-service and in-service ae pee 
ined popularity in recent years is the introduction of wre 
or minicourses. This approach developed as an outcome O b 

has been used extensively by Postlethwait at Purdue Cpe | 
rses have been defined by Postlethwait and Hurst (221, oe 
elf-contained self-paced units of work, with carefully defin i 
ually involve multi-media formats and students learn taona 
ourse is of short duration. As originally developed, they be 
Programme of study for pre-service trainees. In this con ; 2 
in such courses start a given module by taking a pre-tes a 
determine if they have the necessary knowledge and skills. More recently, the minicourses form 


C 3 es, 
has been used to develop particular skills in programmes of in-service education. In such cours 
the pre-test is less necessary (66, 180). 


Modules are now widely used in both pre-service and in-service programmes of biology 
teacher education. They are, fo 


r example, quite generally used in Japanese ear 
schools (197). Salisbury College of Advanced Education in South Australia trains bio ed 
teachers by offering a core of common materials and a programme of optional modules on a oe 
such as population, Pollution or Australian mammals (11). Student teachers of the Departme $ 
of Natural Science of the University of Chile study self-contained modules on such topics 4 
local ecology and marine biology (34 


‘aduates in biol 


È 
uring teaching practice (110, 111, 248, 264, oe! 
: A ale, competency-based programmes are indivi 
ized using flexible modules on topics such as ‘the evolution aoe or ‘statistical methods 

) 
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Small group work is evolving into a study of interpersonal relations and leads to sensitivity 


training 


f the world, both pre-service and in-service programmes of teacher educ- 
methods. The trend is towards learning through act- 
hing. Most work is now undertaken in small groups. 
ied with a greater emphasis on activity than 


In almost all countries o 
ation place less emphasis on formal lecture 
ivity and through direct involvement in teac: 
Even the conventional tutorial has become more var 
On discussion alone. 


As training programmes move away from conventional lectures and tutorials, there is a 


trend towards a more varied approach to small group work, including some emphasis on personal 
development and sensitivity training. Some of the STEP emphasise these trends (111) and they 
are also discussed by Rubin (241). Sensitivity training involves developing in teachers a greater 
awareness of their own personalities, and trains them to be sensitively aware of the personalities 
of others and of how personalities may interact. s 

This trend is well advanced in France where the National Ministry of Education is encourag- 
ing training institutions to introduce courses in personality development for science teachers 
(45). In the United States, there are also examples of training programmes in this area. The 
programme im Minneapolis is especially well developed. Counselors in selected Junior High 
Schools are retrained to adopt the role of team member and facilitator and to encourage inter- 
actions between pupils, teachers and parents. Counselors arrange meetings, workshops and class- 


room visits within the schools (130). . ; £ F 
A related problem is the need to retrain teachers entering the teaching profession from 
more sensitive to the social customs of their new country. 


other countri that they become es 
ntries so th y h retraining programmes. In the United 


Many universities and colleges of Africa provide such s 7 
States, overseas students (including biology teacher trainees) may attend special seminars and 


individual tutorial programmes at the International Training Institute in Washington, D.C. to 
help bridge frentes iee life and education abroad and in the United States (251). 


Classroom observation is developing into interaction studies 
, wr i i i i 260) and as a 
Ob ; classroom by supervisors during practice teaching ( l 
servation of teaching 1n icula (184, 187) has long been established. 


meth ating the effectiveness of new curricuke é 
ips Saget ie been a trend to use observation techniques to analyse the personal 


i A o e n A 5 oom and to use the evidence obtained to train and retrain 
nee oeoumring in Mor puplloriented strategies (226, 260). Most interaction studies are 
based on methods developed by Flanders and develop indices of the amount of ‘teacher talk 
and ‘pupil talk’ in defined categories. Practical accounts or the method are given by Stones and 
Morris (260), and by Rubin (241). Pogirski and Voss (219) have suggested that findings from 
interaction studies should become the basis for the in-service training of biology teachers. A 
practical example of the use of interaction studies is provided, in Australia, by the Centre for 
Advancement of Teaching at Macquarie University. During minicourses for teachers (see above) 
video-tapes of teaching sequences are analysed for patterns of interaction between teacher and 
Pupils. The information obtained is then used in workshop situations to help teachers develop 


techniques for improving the general tone of the classroom (180). 


volving into special pre-service and in-service training modules for new 


The ‘Teachers’ Guide’ is € 
curricula 


earning resources and courses of study are well established and 


Teachers’ guides for specific | 
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usually provide additional interpretative information for the teacher (for example, a og 
Teachers’ Handbooks for the Biological Sciences Curriculum Project - see reference : ). a 
recently these guides have been developed into structured training manuals. Examples o s pa 
guides containing an element of training have been produced or are in the planning stage a a 
biology courses in Ethiopia (305), Kenya (269), Malawi (176), Nigeria (291, 308) an en 
Arabia (5) and for the Unesco Pilot Project for the improvement of biology teaching in 
187, 188) to name just a few. . 

ts Pu i ees eed are representative of this trend. The first example (from Ayata 
is related to the introduction of a new science curriculum in New South Wales. Multi-me ae 
self-contained training modules have been developed by the State Department of repens 
the retraining of science teachers. Modules include training in the skills of organizing a teac oe 
Programme, setting up a system of assessment and assessing affective outcomes (207). a 
second example (from Indonesia) is specifically designed to help teachers use local resour ae 
In Irian Jaya, the Ministry of Education, has sponsored the production of a training manual i 
manufacture and use of home-made equipment for teaching a new biology curriculum (22). 


i od — ional 
Simpler aspects of role playing are developing into more sophisticated forms of educatiot 
games and other simulations 


Role play has been recognized as a useful device in the training of biology teachers. A set 
Produced by Lehman in 1970 (160) contains helpful suggestions for role play situations a 
training in inquiry teaching, self-pacing, interpersonal relations, and the social implications O 
science. A 
More recently there has been a growing interest in more general forms of simulation- 
Cruickshank and Broadbent (55) have researched into the effectiveness of simulation by identify 
ing thirty-one teaching problems and have developed activities for students to investigate these 
problems through video-taped and filmed incidents, role play, written incidents and various e 
binations of these. They conclude that simulation is ‘an unqualified success as a teaching devic 
that motivates and involves students’. Microteaching and video-replay as substitutes for teaching 
practice are forms of simulation that have already been considered. The use of simulations 3 
general teaching problems has also been developed by the Science Teachers Education Projec 
in the United Kingdom (248). In Nigeria, the Science Teachers Association is at present (1975) 
developing simulation activities for students in training. Simulations of problem situations 1n 


teaching, using photographs and tape recordings, are to be used to stimulate discussion of teach- 
ing methods (291, 308) 


_, An especially interesting use of educational games has been developed by the Inter-Univ- 
ersity Biology Teaching Project in the United Kingdom. This project, begun in 1969, involves five 
universities which have worked together to produce self-instructional games for training biology 
teachers. These games Place learners in the Position of a scientist who must solve certain scientific 
problems, for example an ecologist trying to determine factors influencing distribution of algae 


Group co-operation is moving towards team teaching and team training 


While team teaching has been widel 
ung of biology teachers. Rubin (241) gives gome 
sory teams of the Queensland Department of Educ 


“service education of biology i 
ently presented a useful discussion of the possible 
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roles of team members in school-based training programmes. 
Team teaching methods involving teaching hierarchies, utilization of various training skills, 


flexible strategies and flexible use of time and space are a feature of the Macquarie University 
minicourses for teachers, previously reported (180). Team teaching is featured in training pro- 


grammes in the University of Guyana (149). In the schools of Coventry (United Kingdom) the 


technique has been used to provide effective retraining programmes within schools. Hierarchical 


teams led by especially appointed curriculum developers, train together to develop within-school 
curricula and staff improvement programmes (57). 


Laboratory and classroom organization and strategies are evolving into techniques o. f open-plan 


education 

y school systems (179), very few teacher 
een designed on this basis. In the open-plan design, walls and 
le and teaching areas can merge into one another. The open- 
plan system has led to many innovations in primary and secondary schools such as team teaching, 
integration of the curriculum and greater use of educational technology (179). Some of these 
aspects have been analysed in a recent research study reported by David Engleherdt (74). His 
report shows that provision of innovative space is a stimulus for innovation in teaching style and 


So this approach must not be ignored as a factor in the retraining of teachers. i j 

More recently open-plan thinking has influenced training colleges. An example is provided 
by the Science Laboratory complex of the Sturt College of Advanced Education in Adelaide 
(South Australia). This complex will not have classrooms Or separate laboratories for individual 
sciences. A large flexible space with movable equipment, furniture, and resources will encourage 
integration of content and method. The central laboratory will be ringed by special purpose 
rooms for aspects such as environmental studies, optics, aquaria, and specialized project rooms 


(263). 


While open-plan schools are now well established in man 


education institutions have as yet b 
other traditional ‘barriers’ are flexib 


Project work is evolving into genuine research study 


ed tradition in pre-service training programmes. 
ted to the special few who have elected to take a 
51). A recent trend is to build research-type experience 
-service training. If teachers are to understand processes 
ncluding a research-based project in their training. 
the Diploma course at Tribhuvan University must 


co : ected project work. In the degree course, this is replaced by one 
e SF ide T biological problem of immediate relevance to their needs 
(227). In the fourth yeat of the B.Sc. with Education of the University of Zambia, biology 
Majors complete modest but original research study and present a mini-thesis of sixty pages. The 
topic chosen for research must be relevant to the school curriculum and must be researched at a 
high level of scientific rigour. AS well as the thesis, there is an oral examination, accompanied by 
a display of the equipment and material used in the research study (243). 

Some involvement by practising teachers in research, especially in aspects of curriculum 
evaluation, is now quite widespread and has an obvious in-service role (184). In Malaysia, for 
€xample, biology teachers have become increasingly involved in curriculum development and 
developers now use practisit assist in curriculum evaluation. This is undertaken in 
In-service courses as well as W turn to the schools (250). 


a long establish 


Assignment: . ‘ 
s and projects have ane 
ai usually been limi 


Student research has, however, 
biology degree with a research major ( 
Into the teacher training strand of the pre-se! 
of inquiry there is a strong argument for i 

In Nepal, biology teacher trainees taking 


ng teachers to 
hen teachers re 
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Assessment by formal examination is changing to assessment of the formative development of 
specific teaching skills and of more general teaching competencies 


The traditional modes of examining and grading based on terminal written examinations in 
biology method (didactics and pedagogy) have now tended to be replaced by continuous assess- 
ment of projects, assignments and units of work. More emphasis is being placed on assessing 
attainment of teaching skills and of other professional competencies. The assessment of teach- 
ing skills, however, has been under critical review in recent years since the criteria for rating and 
grading trainees during practice teaching have, at times, been vague and ill defined (260 p. 28 
and 29). Studies by Pogirski and Voss (219) and by Dieter (63) have further emphasised such 
difficulties. The problem has been reviewed recently by Thompson (271) who advocates a clearer 
statement of objectives as a partial solution. The assessment of the achievement of highly 
specified skill objectives is now more generally accepted (193). 

In many biology teacher training programmes, students are encouraged to evaluate the 


(202) is an interesting attempt at encouraging teachers to evaluate their own teaching compar 

ency and is thus a useful in-service device. Assessment of the teaching qualities of training sta 

portant general issue (73) related to the whole question of train- 
‘ 


Stress on cognitive aspects of teaching is changing to training for attitudinal development wit h 


special reference to their application to problems 


Many training and retraining programmes 


now place considerable emphasis on developing 
teachers’ attitudes to such questions as inqu 


iry learning, environmental issues, personal adjust- 
ment and perceived role (253, chapter 6). Some programmes developed to change attitudes 
towards social questions such as population control and pollution of the environment have 
already been discussed (126, 127). Wilson has reviewed problems of changing teachers’ attitudes 
towards inquiry learning and the philosophy of science in countries of Africa (310). Jungwirth 
and Dreyfus have considered aspects of the same problem in Israel (138). 

Examples of specific programmes include courses at Christchurch Teachers College, New 
Zealand, and at the University of Colorado (USA). The courses at Christchurch are especially 
designed to change attitudes so that trainees will accept leadership roles and responsibilities. 
One device is to use self-selecting Programming of time and resources (40). A course at the yni 
ersity of Colorado (USA), available to biology teacher trainees, stresses international environ- 
mental problems, It is designed to assist students make value judgments about population control 
and food needs in various parts of the world, especially in developing countries (273). 


Inquiry and problem-solvin is i iyity 
& emphasis is enlarging ; ; i ining for creativity 
and divergent thinking 8Ing its perspective to include training fe 


Inquiry learning and the problem-solving a 
chapter. There is a trend to furth 
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USA, on how effective questioning can lead to divergent 


student trainees at Temple University, 
1 model of teaching as ‘problem resolution’ (p. 127- 


_ and Razik (235) presents a usefu 


A specific example is provided by the Patterns of Enquiry Project of the Ontario Institute 


a Studies in Education, Canada. This is intermediate between training for inquiry and training 
> creativity (49, 50). Finegold (86) reports the effective use of short sections of scientific 
esearch material in stimulating discússion of the processes involved in the research. 


Analyses of given courses of study is changing to development of skills of curriculum construct- 


ion 
traditionally included some detailed analysis of 


Training and retraining of biology teachers has 
mmes (144) or the Biological Sciences Curric- 


established curricula such as the Nuffield progra 
ulum Study (99). More recently, teachers in pre-service courses have been trained in the pro- 
cesses of curriculum development (235) and practising teachers have been involved more in the 
development of new courses. This latter aspect has been reviewed elsewhere in this chapter 
and will be considered again in the next section on forms of in-service training. Mention is made 
here, however, of the highly successful Unesco Pilot Project for the improvement of biology 
teaching in Africa, This project fostered the development of study groups in many African 
countries. These groups, mainly of practising teachers, arranged workshops and other in- 


Service activities to develop and evaluate new biology curricula (187, 188, 287). 


Learning to use resources is widening its scope to include training in the production of resources 
raphy, audio and television, together with the 
titutions of media resource centres, there has 
oduction of both print and non-print learning 


been an į 
an inc i Tí : 
ncreasing trend towa olvement of teachers in the development of 


Materials, Thi been acc . 
Curriculum cob aa atten 1 ntal curriculum workshops. 

The Institute of Education in Singapore provides Saturday lectures and field courses on 
environmental education. Staff and students work together to produce resources for environ- 
mental studies for both pre-service and in-service needs (313). The University of Leeds (United 
Kingdom) requires all biology teacher trainees to complete three ‘method units’ and most of 
these oie i Ino Bo ore <. For example, students make working models or charts, 
Organize a ficia ne pgs r programme on a biological topic (158). Workshops 
Sponsored by the Newark Scho USA) have trained local teachers in the development 
Of their own audio-tutorials and minicourses (26). Jersey City State College (USA) requires 
each student training in order to teach elementary school science to assemble a multi-media 
eating ki raining 1 n a specific topic. Some elements of the kit must be developed by the 
g kit tot “Unit. Bow © urchased. The kit includes printed materials, projectuals, audio- 
hers’ guide (16). e one 
of simple equipment and scientific apparatus 1s also important. 
nducted by the College of Education at Prasarnmitr 
ho can make equipment from simple inexpensive local 


source: 
truct a linea 
ol District ( 


st 
omg and others may be P 
shel test items and a teac 
raining in the production 
In hailand, for example, workshops ay 
ee been successful in training alee 
aterials such as bamboo (162)- 
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Conventional training in communication skills is changing to training for making full use of 
educational technologies such as radio and television 


An appreciation of the role of media in communications has led to wider applications cs et 
ational technology in teacher education (4, 285). The application of the systems Earp N k 
its emphasis on behavioural objectives, performance criteria, multi-media modules and eva 738) 
feedback has given educational technology a rationale and has increased its use in training ( a x 
Audio-tutorials are now used in wider settings such as training for field work (185) and muti- 
media modules are used to train in problem-solving and inquiry skills (87). Useful reviews of mee 
and other applications of technology to the training and retraining of teachers are given by 
Perlberg (285: p. 222-239). Allen (4: p. 291-294) and by Lee and Lewis (157). bie 
Many institutions now provide training in the production of audio-visual resources. ois 
courses offered by the Centre for Advancement of Teaching at Macquarie University (Australia 
train teachers in the production and development of transparencies, slide sets, audio programme 
and video materials (180). The National Audio-Visual Aids Centre in London provides a consu! : 
ancy service, an equipment supply service, an audio-visual aids library, and an extensive in-servic 
training programme in educational technology for teachers of all levels (200, 201, 238). g 
Educational broadcasting by radio and television has been used effectively in many countries 
for the training and retraining of teachers - the Open University model in the United Kingdom 
being an exemplar. Other exa } dia 
broadcasts in the United Kingdom (94, 108); and broadcasts for schools and teachers in Indi 
(70, 147, 148), Kenya (146) and Mauritius (186). An experimental programme mounted ay. 
Illinois State University successfully training teachers and instructors in the techniques of pro 
ucing television biology courses (301). The Ministry of Education of Kuwait provides meene 
ology, including the effective use of educationa 
ibbean have participated in a training programme 
in the use of closed-circuit television and other 
media. Stress has been on the production of resources and on using technology for the solution 
of educational problems (36). 
Research findings by Dieter and Hounshell (64) in respect of the resources available to more 
than forty biology teachers in the United States who had won awards for outstanding teaching 
ers found that in almost all cases the award-winning teachers had DER 
supplied with a range of technological resources and media such hi 
í photographic resources and specialized equipment for biology. T} 1 
implications are clear both for training and supply. In order to develop their full ei 
teachers need access to and must be effectively trained in the use (and production) of techno 
ogical resources, 


tining for organization of classroom and laboratory resources is changing to techniques A 
ae facilities of the media resource centres and service centres of the school and of th 
istri 


a Tvice programmes, Many e P interaction are dis 
cussed elsewhere in this chapter, y examples of this type of inter: 
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rang in the assessment of teaching is moving towards training in methods of evaluating in- 
service and pre-service programmes of teacher education 


the evaluation of teaching (156, 199) and of practising teachers 
4, 250) are discussed elsewhere in this chapter. 

Other trends in this area include the development of training progremmes in methods of 
evaluating the effectiveness of whole systems of teacher education. The Educational Testing 
Service in the United States, for example, offers courses in the techniques of evaluating in-service 
activities (72, 307). On the whole, however, this area has been neglected. There is a great need 
for personnel who are qualified to evaluate the effectiveness of programmes of teacher education 
at both pre-service and in-service levels. In many countries, programmes to train these evaluators 


are urgently required. 


The involvement of students in 
in the evaluation of curricula (18 


TRENDS IN THE FORMS OF RETRAINING PROGRAMMES 


In the past, most emphasis i been on the provision of special courses for biology 
teachers either as summer schools (Institutes); Or weekend, evening or vacation courses (30, 61, 
114, 115, 131, 165, 279, 293, 299, 309). More recently, the forms of in-service activity have 
diversified to include ‘within-school’ programmes; tours and visits; the use of teachers’ centres 
and other devices, Courses remain, but the more traditional lecture course has been replaced by 
newer and more relevant forms. Rubin (241), Johnston (131), Finch (85), Harris, Bessent and 
McIntyre (107), Tibble (274) and Watkins (304), have all provided useful lists of possible ways 
to improve in-service courses and to seek alternative forms of in-service education. 

Meyer has proposed some twenty criteria for developing national retraining systems for 
teachers (181). Of these criteria, the most significant is that they should meet the expressed 
needs of teachers. It is important, too, that teachers become involved in the planning and manage- 


Ment of in-service programmes- A ; 
Retraining is most effective if it is planned on a national level as a total network system. 


Such an a ; cially i tant in countries with large populations such as India (31 

z onii y importan A S * 
67, 103. erine (22), Japan (28, 118, 143, 196), or Pakistan (124). This approach 
is also significant in countries developing biology programmes either from first principles or so as 
to reflect new national objectives. 4S in the case of many In the African region (163, 187, 188) 
Such as Ethiopia (305) oF Mauritius (9); OT for countries such as Cyprus (37), Lebanon (190) or 

apua N ‘nea (32, 239): —" y 5 
ew Guinea (32, 239) n a great diversification of the forms of in-service education 


In recent years, there has bee i 
for biology teachers and some examples are described below. 


n retraining has 


Courses 
ning. There are many formats ranging 


(131). Content may range from the 
University of Minnesota on the principles of biological 
offered by the Royal Danish School of Educational 


thyt} r f 
S tudies U, b e and inquiry methods (240, 258). Many courses are designed to assist 
in some change such as the introduction of new curricula. Recent examples include courses 
Offered by local Boards of Education in the Republic of Korea (177), the Indian Association of 

= 267), the Curriculum Development Unit of Trinity College, Dublin 


Teach A 
ers Educators Gl, F Education in Finland (302), and by school authorities in Thailand 


shed form of retrair 


sisa well establi 
-year programmes 


xtended one 


ided by the 
such as in those 


attendance at course 
Ae one-day events to € 
Pecific, as in courses Prov 


(225), by the Ministry © 
(119, 120), 
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etraining courses are devised to upgrade the formal qualifications of biology teachers. 
ee offered by the University of Stellenbosch, South Africa (294) and by many ie oe 
and State Departments of Education such as the Department of Education in Hawaii ( 

les. ; 

ci have been devised to cater for retraining in new approaches to subject matter. 
Examples include the courses in environmental education offered by the Institute of aie 
in Mauritius (9) and more general programmes designed to upgrade understanding of bio r E 
concepts such as those offered by the Norwegian Ministry of Education (212), the en 
Institute of Education (165, 293) and the Institute of Biology in the United Kingdom (106); 
the Natal Education Department, South Africa (300), and by the Institutes for Ta 
in the Soviet Union (249). Some institutions provide more general programmes fusing bori 
biological content and pedagogy. The Summer Institutes of the National Science Foundation : 
the United States (114, 299), the All-India Indo-British Summer Institutes (309), the programmes 
arranged by Cape Coast University in Ghana (211), and by the Ministry of Education in vie 
uala (18), and the international programmes held annually in Buenos Aires on behalf of th 
Organization of American States (100) are all recent examples. Some courses are devised to train 


in specific skills such as the use of new science equipment (103) or audio-visual technology 
(200, 201, 238). 


Motivation to attend o s ; bject 
ities make it clear they expect teachers to be up-to-date in the preparation of specific subj 


Workshops for specific purposes 


Retraining programmes are most successful if they involve teachers in activities - an apts? 
consisting of merely Providing lecture programmes has proved to be relatively unsuccessful ( 5 
131, 181, 304). Workshops held in evenings, at weekends or during vacations, where teache 


work together to produce equipment, learning resources, tests, programmes and other materials 
are especially successful in developing skills. 


The workshops held by biology study groups in African countries - Kenya, Malawi and 
Tanzania for example - to 


z i produce textbooks, test materials, statements of objectives A 
curriculum guides for new biology courses are exemplars of this method (185, 188, 287). 
Workshops held by the Newark S 


chool District in the United States to train teachers to produce 
audio-tutorials (26) and the minicourses at Mac i 


hers to discuss a particular topic, to plan a 
national and international levels- 
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In the Philippines, the Annual Conferences of the Biology Teachers Associations held 
since 1966 have reviewed trends in curricula and teaching technique (2). An example of sim- 
ilar conferences at regional level is the very successful series sponsored by the Asian Association 
of Biological Education held in turn in various countries of Asia (4). There are many examples 
of national planning conferences, such as the meeting sponsored in the United States in 1970 
by the Commission on Undergraduate Education in the Biological Sciences to plan programmes 
for the pre-service preparation of college biology teachers (47). 

Useful world-wide conferences on teacher education are mounted from time to time by 
international agencies such as Unesco (284, 285, 286) and, for countries of the British Common- 


wealth, by the Commonwealth Secretariat (48). 


Exchanges and secondments 


Exchanges of staff within and between school systems locally, nationally or internationally, 
including secondments and intern programmes, are becoming increasingly popular as forms of 
retraining. They enable teachers to learn about alternative curricula and methods, to obtain 
new resources and to develop new attitudes and values. Secondments to organizations other 
than schools, such as libraries, museums, ~ curriculum me and aa organizations, 
are i f retraining and are increasing in frequency. . w 
i pee agalnn E en have been made at the national level to provide practising 
teachers with an opportunity to work on secondment for a period in commerce and industry 
(314). The State of Hawaii in USA sponsors exchange of staff between schools within the state 
(from island to island) and also arrange cornet oios T mainland schools (109) - an 
e i i for a relatively isolate : i , 
aae p a programmes are now increasing. A national conference in 
Kenya held in 1968 suggested that retraining courses designed to upgrade the qualifications of 
teachers should include at least two terms of supervised apprenticeship teaching in schools (48). 


Visits and comparative education tours 

ss : d institutions and group tours to survey 
j P its to various schools anc st 
ig fe ~ an eg F other countries are recognized and useful forms of retraining. They 
erg ape ae of alternative procedures and resources and are effective in stim- 
apid access to 4 

ulating innovation (181). 
__ The school system 
visits to schools in the 


n County. Kentucky, has sponsored a series of afternoon 
district Displays of learning materials, biological specimens and pupils’ 
work from the basis for organized exchange of information (315: p. 9-12). The State of 


ae oe rogramme already described, encourages educational travel. 
an; a ane ate ee dit towards advanced qualifications in teaching (109). 
Pproved programmes M 


i i ized by the Institute of 
i i ual comparative education tours organize 
Ritual ie hae Kingdoms in-service groups to European countries such as Austria, Denmark, 
ation take pre-se $ : 
France, the Netherlands, Italy, and the Soviet Union (165) 


of Jefferso 


Study leave and individual study programme 


i i f retraining. In addition 
i teachers 18 a valuable and important form o : 
ee — raise for teachers within schools have considerable value. a 
wat ag — agra (Australia) study leave for teachers is sponsored for international visits 
n New South 
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isi specif- 
of up to one month. Teachers can attend conferences, arrange visits or raa aie 
ied cabins (91). The State of Hawaii arranges more extended forms of ie . artes e of 
ants must state purpose of leave, specific objectives, activities planned and prop 
evaluating the effectiveness of the programme (109). 


Consultancies 


sultants 
In recent years there has been an increasing tendency for school systems phe der: eaves 
to visit schools to advise on curriculum, evaluation and teaching method . ‘hal about 30:8 
by Maben of Tepresentative elementary schools in the United States showe ear cae 
cent of the schools in that country had access to some form of A SA Tadi system 
vice (169). A specific example in the United States is provided by the De A 102. 166, 237). 
which employs field agents to visit schools to help solve teaching ye: : Aane. each 
Most school systems in Australia employ consultants. In New South Wa mn The BHR 
ed to local in-service committees and help these committees determine sae (41) In South 
mental consultants employed in Queensland have been discussed previous A ities (132 167, 
Australia, a panel of biology educators visits schools to assist with in-service ee ne te end 
255). A programme has been mounted by the aey Victoria at Haw 
consultants to schools to provide training in marine biology e ei. 
The school rites in Peru have developed a decentralized ae i tape 
Trained consultants are appointed to a large district school and help the = o nier iepel 
provide programmes for other schools in the district. Consultants also regularly a 
training courses provided by the Ministry of Education (230, 231). an retraite 
The National Board of Education in Sweden employs consultants to help plan 


; es for 
programmes, produce training materials and visit schools to organize study programm 
teachers (204). 


r Š sp: : ojects 
In some countries, consultants are more usually associated with specific O, i OR, 
(286) or with in-service institutes such as the Institute of Education in Kenya ( : 


; w uest 
the chairman of the Biology Study Panel of the Ministry of Education visits schools on req 
(211). 


Production and dissemination of training kits 


Training manuals, teacher. eae d most 
widely used in retraining programmes. Some are designed to be used by individuals, an 
teachers’ guides associat i 

teachers’ manuals issued by BSCS (9 


thers are designed to be used by 


Most school systems and Science Teachers Associ 
ations which provide some element of retraining and 


vice (5, 31, 91, 


ations issue journals and other na 
many have organized in-service Sea 
132, 149, 200, 201, 215, 238, 243, 291, 
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308, 313). 


Displays and exhibitions 


Displays and exhibitions of new learning resources and materials, of biological specimens, science 
apparatus and audio-visual equipment are useful in-service devices. They may involve materials 
produced by curriculum centres or commercial firms or made by teachers and pupils. 

Many such exhibitions are mounted in association with conferences, workshops or other 
in-service activities. They may be sponsored by an employing authority by teachers” associations, 
teachers’ centres, curriculum developers, commercial firms, individual schools or by independent 
groups of teachers. Many effective exhibitions are developed by institutions in association with 
an ‘education week’ or an ‘open day’ such as a science fair or school science research competition. 

A recent trend has been the development of mobile displays such as the media mobiles of 
the Tasmanian Department of Education in Australia. Equipped and staffed vans visit schools, 
and programmes are mounted to train staff in using new audio-visual equipment (88). Loan 
collections of specimens and other resources are also frequently available from museums, 
libraries, teachers’ centres and other in-service institutions. s 

Displays and exhibitions p nity for teachers to rapidly survey recent dev- 


rovide an opportunity > pidi; P 
clopments in a particular area and encourage experiment and innovation In teaching method. 


Involvement in research and development 


fective ways of retraining teachers is to involve them in aspects 
hey can participate in the development of new curricula; in 
s; in experimenting with alternative forms of assessment and 
ic educational research. Such involvement encourages teachers 
rally to upgrade their understanding of both biology 


One of the most powerful and ef 
of research and development. TI 
testing new resources and method 
In undertaking certain types of bas 
to innovate, to explore alternatives and gene 
and pedagogy. 
Many example 
evaluation have already been d 


g orking with curriculum teams in development testing and 
s of tahen or (e especially 15, 29, 33, 99, 117, 176, 184, 187, 277, 


i lop a new Advanced 
2 j he work done by teachers in Kenya to deve! e l 
me paced example i eee participation by teachers in the Caribbean Regional Science 
Fetes ge in Ra arer team at present designing a new science curriculum for Botswana, 
eA aie ay U (175); and the release of teachers from school time to help with the 

€ wazlle , g . 

i i : > curriculum for Manitoba (306). f 
Canadian Environmental e in developmental research is increasing because curriculum 
The trend to involve tee? G0. 61, 91, 279, 304) and because, in developed 


3 ntralized ; 2 : A 
development is now more a fewer beginning teachers are being hired, implying the need 


countri nited s : 
fs ee a e through in-service rather than pre-service programmes (125). 
e 


Development of new in-service institutions 


Non-school 

i i i th and diversification of new- 
In the pg been, in most countries, a rapid grow k c 
Sein bast ag thee attaining of teachers. These include teachers centres; environmental 
Stel Fe gee snech retraining units in museums, in botanical and zoological gardens and in 
. centres; E 
libraries; and the establishment of special staff colleges- 
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i< fhe iewer centre ement. 
One of the most rapidly expanding of these new systems is a eR ih 
The Australian Department of Education has set up Ealecation € cn ake AEA Aoa 
m a Ea Paas abo Uan E sa a e Eiman are probably the 
in cach Australian state (91, 229), The teachers’ centres apesi a ia ia the 
iey iasa and the best established and have a long negra of ee ae 
improvement of teaching competence through provision A neSO ECS: i ra Le cami ne 
ancies. conferences and other activities (56. 151. 293 j In some Semon tie aa reational REKTEN 
taken a leading role in the retraining of teachers. The National Sonne ol a =e sow aN 
and Training in New Delhi (67, 128) and the University of the fs is a ances survey of 
Centre (116. 266) are outstanding examples. Howe has prepared a art compara $ 
teachers centres in Australia. Seandinavia and the United Kingdom ( l 25 1 Taris iasi 
The science education centres in Japan are of special interest. Pae a teachers of both 
prefectures has its “Science Centre” and, on average, 10 per cent of the aia ol calles or 
junior und senior high school are involved in in-service seminars rach year.. real R het ries 
several days’ duration are provided and these may involve field trips. redens pei oe ee 
school time to attend and the courses are voluntary (28, 196). These Aipanene i orsin apan 
described in some detail in a comprehensive report on the Training OE aT z 
compiled in 1970 by the Japanese National Commission for Unesco (129: P 9 EREN by 
There is a trend towards the development of international centres, some si A reS 
agencies such as Unesco (288) and others by co-operating groups a set Mathem- 
An especially interesting example is the Regional Centre for Education in par ot ane 
aties (RCESAM) in Malaysia, sponsored by the Southeast Asian Ministers of e uc OAAS 
ation. RCESAM undertakes curriculum development and has a continuing education p 
for biology teachers of the region (220). Lae : alifornia 
Community science centres such as the Lawrence Hall of Science at Serene ts 
(77) and the education units of museums, zoos and gardens (91 ) are playing a key a clearing 
ing by giving on-the-job experience and by providing courses for teachers. Informa o ENERE 
houses such as the ERIC Science Centres at Ohio State University and the Universi Yehed by 
land; the Science-Math Resource Centre at Dover, Delaware (252), and centres esta 


: : 2 information units 
the Kentucky Department of Education (145), are interesting examples of informati 
that provide some retraining. 


Field studies centres and e 


i ecial retraining pro~ 
nvironmental centres have also provided special retraining 
grammes. The field stud 


wn 

y centres in the United Kingdom and the United States are well ay of 

in this regard and many other countries have established similar centres with pee ne Y many 

their objectives. Related to these are the agricultural extension services that are foun 

countries and which help biology teachers with advice and information (139). ; na atations 
John Goodlad defines centres such as those described above as ‘pedagogical service sta 


6: P- 
which assure the development of those Specific skills which teachers want to perfect (9 
257). 


Another type of developme 
usually by the employing autho 
examples but one of special int 
Education in Papau New Guinea 
Organized programmes (32). 


5 1p, 
nt is the staff college or retraining institute especially oe 
rity, to Systematically retrain teachers. There are a num a 
erest is the In-Service College proposed by the Departme ing 
which will introduce a ‘credits’ scheme for all teachers atten 


Within school 


Ultimately, the best retraining must occur within the 


for within-school development are rapidly increasing. 


5 ammes 
school itself and organized program 
in-service activities both in the school and b 


P3 > n 
The provision of ‘release time’ to oe 
eyond is now well established and the use of w 
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school training modules has already been considered as have self-evaluation profiles such as those 
provided by the National Science Association in the United States. 

Other ways retraining is organized within schools include: provision of specially appointed 
staff to organize in-service activities (57, 75, 249); special programmes for probationary or neo- 
phyte teachers (37, 83, 203); schemes for the ordinary staff to train new teachers (88); and 
provision for special study days (as in Sweden) where all teaching stops and retraining pro- 
grammes are introduced (204). 

An interesting approach has been adopted in the United States by the University of Mass- 
achusetts. The University has sponsored retraining programmes within schools by involving the 
biology teachers in a within-school-team that interacts with the training facilities of the comm- 
unity - the model focuses on environmental problems as a unifying theme and draws on all rel- 


evant training resources (268). 


Training programmes for in-service personnel 


ng programmes for course leaders, consultants, supervisors and 
ducation of teachers has only recently been appreciated. The 
d management are, however, subtle and complex and in- 


The need to provide special trainit 
other involved in the continuing € 
special skills of in-service leadership an 
TAREE E in Sweden trains its in-service consultants in a two-week 
The Nationé ard of Education 1n E i 

course Site mais information conferences (204). In Australia, the Centre for Advance- 
ment of Teaching at Macquarie University provides minicourses for teachers in the leadership 
skills necessary for in-service work (180) and in the United Kingdom, Digby Stuart College 

rs who have responsibility for the super- 


Provides summer vacation courses for teacher-tuto j | f 
vision of trainees and probationary teachers in schools (65). Ain Shams University, Arab Rep- 


ubli Šg a recentl qualified scientist to the University of Wisconsin, 
Cais of leoh men Br S for aE in science education. The objective is to establish 
a link bëtweet scientists and educationalists so that both can effectively ak de in = 
grammes of in-service training (68). In India, the State Institute of re at Sast lamang am, 
Provides special training courses for biology teachers who, in u conduc ae 2 kites 
courses for other biology teachers. These courses are held at the ee an range oe a 
to ten days during school time (70). These and similar programmes a the ire ofa la 
that must accelerate if continuing education programmes are to be successfully upgraded. 


Research into retraining 
There is t need for research into the forms and effectiveness of programmes of continuing 
e is a great ne 


m i d 
e i ; me research has been undertaken into favoured methods an 

oe for biology sneer mf In Australia, research is being undertaken to evaluate 
ha hn bbe cap li ion of the STEP programme (171). In Jordan, Billeh 
ha Toa Me effectiveness of pre-service and in-service programmes of science 
5 compared ‘he pre ice methods are more effect- 


i try in-servi 
w i s concluded that in that count 1 
a ey gee very little evidence concerning the effectiveness of overall systems 


of retraining, the improvement of teaching competence, and the quality of pupils’ capri bis 
> k i i ng attention 
general area of research into in-service educatio: g 


n will most certainly receive increasi 
In the next decade. 
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CONCLUSIONS AND RECOMMENDATIONS 


The objectives of biological teaching in schools have broadened so as (ey sires tie 
personal, social and national needs. School biology teachers, therefore, a D are pid 
to require knowledge, understanding and skills in both biology and education. a ta ate 
emphasis implies the need for a balance and integration between biology and pec eee than 
programme of teacher education. There is a world trend towards the concurrent, ra | feral 
the consecutive model of training. and this has come about partly in response to the need iia 
closer link between biological and professional teaching aspects of training. While the concur val 
model is gaining in favour, reorganization of consecutive programmes also continues and A Fthat 
yet clear which model will eventually prove the more effective. It is therefore a een 
a programme be established in order to investigate the relative effectiveness of the c 
‘ conc ethods of teacher preparation. r R 
a a aes aed che inteewatan of biology, biological didatics (teaching eae 
and pedagogy can be achieved in a number of ways. Perhaps the ideal would be to have eas fs 
trained staff so that these aspects can be covered by the one person. A compromise scape ca 
develop genuine team teaching, with the team members coming from the academic ee 
and the education disciplines, team teaching to mean at least close co-operation in the ee 
teaching-learning environment to achieve agreed objectives. Where neither of the above is at 
ible, strong links between the educational and biological strands could be encouraged by on 
devices as co-examining on the basis of agreed aims and by sharing information between a ar 
ments through joint steering committees and other similar bodies. Whatever the model of pace 
or the level at which the teacher functions, however, pre-service courses should include both 
discipline and didactics of biology. á iological 
With regard to biology in the primary school (see the chapter on ‘Trends in the biolog of 
component of education at the primary and junior secondary level’) very different Le heal 
emphasis are given to its place in the primary curriculum from country to country. This oa aon 
of emphasis is reflected in programmes of teacher training. In different countries there is varia 1 in 
in the length of training for primary teaching as a whole and there is especially wide are 
the time given to biology, both academic and didactic (teaching methods), during training. ae 
most teacher educators seem to agree that, at the primary level of education, general teachers id 
preferable to subject specialists, it seems desirable that all primary teachers in training ie 
study biology and biological didactics. The amount and nature of the subject matter vO 
essarily differ in different countries as it should be designed to fit the needs of a child in the na 
ging society of each country. It seems that while the contribution of biology to primary ge fo 
ation is unquestionable, in most Countries its present status is unsatisfactory. It is there eee 
recommended that Unesco organize a conference to examine the nature and place of scien 
in the primary school, in 


) o 
o cluding a consideration of the facilitation of change at that level and 

the development of appropriate programmes of teacher education. 

With regard to the continuing or life- 


countries, a significant lack of co-ordinatio 
noted is a growing involvement of pre-service trainers in in-service activities and this is to be 
commended. There is, however, a need 

many countries so as to ensure developr 
unities for qualified biology teachers to seek fi 
their profession. While it must be the re 
ents of his continuing education, 
ensuring that all necessary elemen 


: for 
s the problem of who should be responsible f 
problems in countries in which tl 


: pe ii tant 
€ and accessible. This is an especially impor 


here is a multiplicity of groups and institutions offering pie 
ssion. This j 
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whole community in the continuing education of teachers. This implies that the community 
must be aware that in-service training is an essential part of the professional development of 
teachers. It is therefore recommended that international and national agencies mount pro- 
grammes of adult education to inform the general community of its needs and responsibilities 
in regard to continuing education, not only of teachers but of all citizens. 

Related to the question of responsibility for providing coherent programmes of continuing 
education is the issue of how overall systems of training can adapt to changing needs of society. 
A central aspect is the general problem of overcoming barriers to meaningful change and innov- 
ation. One obvious way to facilitate innovation would be to disseminate more widely than occurs 
at present, information on successful innovations and how they have been achieved. It is there- 
fore recommended that Unesco and IUBS promote dissemination of information about success- 
ful innovations in biology teacher education by appropriate means and as widely as possible. 
More and better communication between all categories of institutions and educators as well as 


between nations is required. 
In rapidly developing syste 
sake and in teacher education t 
uation of innovative programme 
reliable methodologies. It is therefore recommen 
initiated in order to develop technologies for the eva 
In-service training of biology teachers. ee: J oe 5, 
Even more difficult problems emerge In situations requiring an overall evaluation of the 
for any given school system. In all 


effectiveness of a total training and retraining programme l A 
programmes of teacher education, the ultimate objective is to bring about favourable changes in 


Pupils by improving the competency of teachers. It is, however, difficult to identify and eval- 
uate the numerous factors that change the behaviour of pupils. Even if teachers change their 
behaviour as a result of training, it is very hard to establish that these changes alone have caused 
a change in the behaviour of pupils. The answer perhaps lies in planning the evaluation of 
training and retraining as a sub-system of the educational system as a whole. As yet little attempt 
has been made to develop appropriate methodologies to solve this problem and it may well be a 
central issue in the next decade. It is therefore recommended that Unesco sponsor research and 
development to find suitable models for the overall evaluation of the effectiveness of (life long) 


teac! i for given school systems. . = 
her education programmes F countries appears to be the absence of systematic training 


ieee eee oer Traditionally teachers” colleges and other teacher education 
institutions have been staffed by ex-school teachers of excellence, in the expectation that these 
People in turn can transmit their teaching skills to others. Quite frequently, however, these ex- 
teachers are unable to make a successful transition from teaching school pupils to training young 
adults. There is a general need for retraining at this level. It is therefore recommended that 
Unesco disseminate information on the advantages of, and methods for, establishing staff 
improvement programmes within institutions . ee a emai their responsibility to be 
Finally there is the issue of motivating teachers to recogni =e Ho iz ty Ae 
involved in continuing education. Teachers may, of poue teiue help 1 eae fa 
specifi ; well be the responsibility of curriculum developers or employers. But 
ific needs and this may difficult matter. The trend towards retraining 


motivati -se in self-education is a more e 
a ie m pE T dynamic within-school programmes might well be the correct 


approach. Artificial inducements such as systems of credit points for promotion are usually not 

the answe ee oe T ly a terminal goal in what is essentially an open-ended endeavour. No 

— Bape can be made, however, and motivation to accept continuous retraining 
m 


Must be encouraged by means appropriate and acceptable in each country. 


wever, the possibility of change for its own 
here is an inadequate record of critical and meaningful self-eval- 
s. Part of the explanation lies perhaps in the absence of valid and 
ded that appropriate research programmes be 
luation of innovations in the pre-service and 


ms, there remains, ho 
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INTRODUCTION 
The expression ‘introductory oF basic university courses” has diverse meanings in different 
countries and may even have numerous meanings within the same country. 

The organization of tem varies greatly and includes private, governmental, 
religious and secular institutions that in themselves may be new and modern or old and highly 
traditional. The biology courses offered reflect this variety. The publication The context of bio- 
logical education—The case for change prepared by the Commission of Undergraduate Education 
in the Biological Sciences (1972) presents a classification for introductory courses in the United 


States which includes the following: ie ’ 
for graduate studies in biological science; 


Programmes which prepare students 
Programmes on (secondary or two-year college); 


Pre-professional pro. „medical, pre-dental, biotechnical, etc.); 
urce management and related sciences (agriculture, soil sciences, 


Programmes in reso i 
wildlife management, etc.); 


agronomy, forestry, f 
5. Good undergraduate programmes for non-majors. , 
This classification, even if the nomenclature 1s not everywhere the same, includes the most 
frequent types of courses offered throughout the world whether they present general education or 
professional training characteristics. In Latin America, despite some very controversial attempts to 
install basic courses of 4 general education nature, such courses, from the first year onward, are 
concerned, as a rule, with training students to be professionals. 
It was recommended by the biologists participating in the International Congress of Biology 


Education that courses in biology should be available for professional students, technologists and 


the university sys 


Bene 
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liberal arts students. 

Another possible interpretation of the term ‘introductory courses’ is that of secondary 
courses prepared for students who are interested in biology. The best known of these are the three 
versions of Second Level BSCS Courses and the Advanced Level Nufficld Biology Project. 
In both cases the authors’ intentions were not to prepare students for university-level studies but 
to elaborate advanced courses for the secondary level. As Young (1970) says: 

‘In any case, the emphasis on the requirements of those who will not go to a university or 
other institute of higher education is increasing and will probably continue to do so, and the 
need is for courses which are satisfying and intellectually exciting in themselves — not for 

courses which are simply passports to further study.’ . 
Even though these projects were not prepared for students wishing to continue their studies at 
university level, they were widely used for this purpose and were even used as introductory 
courses in universities. 

The term ‘introductory course’ will be used here to refer to biology courses given during the 
first years of university study and the content of which is selected for biology as well as for non- 
biology majors. 

Since the sixties, science teaching has undergone many changes. The secondary level has 
been most affected by this renovating movement which produced numerous curriculum projects 
of considerable impact (see the chapter on ‘The development and design of new courses 1n 
secondary biological education’). Since it is impossible to touch one part of the educational 
system without affecting the others, tertiary teaching was accordingly influenced by the winds of 
change, although the effects at this level were rather mild. On the other hand, movements within 
the university system have brought about greater reflexion and subsequent changes in the teach- 
ing organization at this level. These movements are active even today in university teaching. 

The expansion of the educational system and growing aspirations for education have provok- 
ed a change in the population entering the university. The growing role of student participation 
in discussions of university policy in some countries together with technological developments 
et ian to Trent and Cohen (1975), the prevailing forces that changed the form and coii 
relent taba education during the sixties. At the present time, questioning of the aims ane 
alitiment 2 T y education continues. University education is placed between autonomous n 
R a a integration into the educational system, between quality and quantity, bewei 
ara fe ht and between general education and professional preparation. When precis 
ae iv the teaching oe objectives and aims in the various sectors of university education, 
sity’s role to pr met én as biology, these dilemmas generate other questions: Is the a 
nrotescestandd creates ef eal ee and give all students an opportunity to understand P 
ficiencies of science cdaeat o a hi; oe remedial ects to makewp ae oi the 
requirements for the vari n at high-school level? Is the university’s only role to satisfy t 

varlous professions? The choices made between these alternatives determin? 


the kind of courses that a coll i izat 7 i ct- 
ory biology: courses. ege will offer and the organization of the curriculum for introdu 


The hopes that were placed in sc 
human species have gi 


tmosphere of pessimism, it is healthy to think once again about 
S participants in the educational process when planning biology 
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courses and their structure are still based upon the personal opinions of the professors. 

Each professor is lord of his own small fief, basing his decisions. on what and how to teach 
according to his personal convictions, interests and tastes. Very little consideration is given to 
students’ educational background and motivation. Moore (1965) studied 32 colleges, covering a 
wide range of types of introductory biology programmes, and found that there is a great variation 
of content among them. The characteristics of the course depend on decisions reflecting the 
interests of the instructor. 

It is generally agreed that the 
based upon information about stu 
far too few publications that mention 
Interamerican Conference on the Teachin 
curricula and programs, at any level of tea 
man in his physical and psychological aspe: 
vironment (OEA, 1973)’. 


re is a need for group collaboration in course planning which is 
dents’ interests, background, requirements, etc., but there are 
this kind of problem. It was for this reason that the Second 
g of Biology recommended that ‘in the elaboration of 
ching, special emphasis must be given to the study of 
cts and his relationship to the physical and social en- 


COURSE CONTENT 


Decisions about course content are based on the nature of what should be taught, the sequence in 
which the subjects should be organized and the integration of the various areas of the curriculum. 
Because of their structure, many universities and institutions of higher learning are bound to 
an obsolete organization which impedes content substitution, the eee ol new “eo ana 
the creation of new departments. The possibility of innovation 1s dras oo y imite i M y 
cases, even though the teachers of a given college agree on the —— or es an ae 
the difficulties in the reorganization of course material that could lea he a oo of an 
already established structure hinder the implementation of the eles = aes ee ke eman 
reasons why fragmentary biology courses are still being given, even ca > E eren 
the first-year student with a global view of the biological phenomena s one e! x o a 
Students who specialize in such other fields as zoology, Po zoon eros onta ne 
introduced to the fundamental processes and basic principles of biology, p 


ai eon ge E RE tradition, most of the introductory biology courses are still 
wagers of a longstanding Copied into morphology, physiology, systematics 
etc. When a student decides to major in the biological sciences, he or she wil a i A 
courses simultaneously — €-8-» vertebrata, plant morphology, gorey or Eor $ mg 
ation. There are even examples of a strict division between animal and p ant eco om y . 
happens is that the student sees only parts of a puzzle that sometimes are never assemble o 
form a complete picture. such as that conducted at the University of Malaya, show the 
es, however, rs were unhappy with the classical botany/zoology 


Several experienc fee membe 
practicality of such efforts. sce of the elaboration of identical courses that such a division im- 


division of their gouri ET and the waste of resources and time by professors and 
poses, because of subject a was also handicapped since each department carried out its 
students alike. serem pe the other. As a result, the needs of the nation as a whole were 
heaped work dependen, Yin structure. An attempt to change the prevailing situation was made 
Scrificed because of a founding of the School of Biological Sciences which resulted from the 
2 1l April 1967 with p of Botany and Zoology. According to Prakash (1969), this change 
usion of the Departments | ns, meaning and impetus not only by permitting better utilization 
es but also by a more effective co-ordination of teaching and research in 

dvantage of the course 1n Biology now being taught 


. The greatest a Í n 
She lies in the intrinsically basic approach to biology. Constant 


of existing resource 
the disciplines of bi 
at the University O 
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vigilance is kept; time allocation, course materials, etc., are modified and improved as needed 
in accordance with the availability of staff and laboratory space. The approach of the newer 
course thus introduced in Biology is one which emphasizes the phenomena that underlie all 
living systems from the sub-cellular to the organismic and population levels. In conjunction 
with this broader emphasis, the present approach embodies the discussion of the eae 
principles of biology, wherein details of specific examples are introduced only to soppor 
the principles. Discussions of the principles to the exclusion of specific examples is indee 

avoided because it is impossible to talk about principles without discussing details . i 
Besides the advantages already mentioned in respect of course content and the decision as to we 
exactly should be taught, the new division of responsibilities brought about savings in terms O 
time and space, and all faculty members showed a definite improvement in their work. The plens 
for better working conditions and the subsequent fusion of the two sciences greatly benefited an 
strengthened the institution. 

This kind of strategy can be successful in some schools, but in others the presence of an 
archaic structure can be an obstacle to the solution of existing problems. Large universities panel 
ally find it more difficult to undertake such reforms because of their size and the complexity 0 
their administration. This phenomenon is very evident in Latin American universities. 

Even when structural modifications can be accomplished, it is still essential to change pro- 
fessors’ attitudes so that they can see things in a new light and organize their courses and teaching 
methods accordingly. Attaching new labcis to old courses does not always mean an aoma ae 
change in their nature. An extensive and thorough analysis of the topics and elements of each 
course must be made to ensure that university students will receive, from the outset, some ter 
ledge of modern biology, a science which has basic principles, which will allow the formation O 
a coherent complex of ideas instead of the hazy vision composed of scattered and unrelated facts 
which they too often receive. 

In a word, the content of introductory biology courses evolved from a classical botany-Z00- 
logy programme emphasizing morphological and taxonomic aspects fo general biology courses, 
including cell biology, developmental biology, genetics, etc. CUEBS (Commission on Under- 
graduate Education in the Biological Sciences) conducted a study to analyse the different ngedi 
Jor biology programmes — agriculture, health sciences or graduate study in biology. The m 
selection included Purdue University, Stanford University, North Carolina State University a 


Raleigh, and Dartmont College. The topics common to the four institutions are shown in the 
the following list: 


Units of time Units of time 


Taxonomy .0 Physiology, general 2:2. 
Ecology 0.7 Reproduction 2.5 
Evolution Lal Morphology 2.7 
Growth 1.3 Genetics 12.1 
Development 1.4 Cell Biology 15.6 


One of the final recommendations related to the central curriculum (core curricula) of the 
CUEBS publication, Content 


of core curricula in Biology (1967 was that consideration be give? 
to: 


‘what are now recognized to be fundamental biological concepts. These include, at all 
levels of biological complexity: structure- function relationships; growth and develop- 
ment; the nature of hereditary transmission; the molecular basis of energetics; synthesis 


and metabolic control; the relationship of Organisms to one another and to their envir- 
onment; and the behaviour of 


Se populations in space and time, especially in reference tO 
evolution’. 


The list of principles Suggested by the authors of this article may be discussed and modified 
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according to the opinions of specialists in each particular college, in terms of scientific evolution 
and progress and according to student motivation, but in general terms it represents the central 
nucleus of any modern biology course as supported by the International Congress of Biology 
Education. Care must be taken that introductory courses do not evolve in such a way that the 
basic objective of the study of living things is lost. 

If the transition from fragmented biology courses to those forming part of a unified curric- 
ulum is difficult and productive of difficulties, the new tendency — science courses that integrate 
subjects such as biology, physics and chemistry — also demands that professors undergo a change 
in attitude and that the various science departments of the university elaborate a new teaching 
organization. 

The general trend in science teaching during the seventies shows a growing preoccupation 
with social problems and their relation to scientific and technological development. The same 
concern is found at all educational levels including the university. Many of the articles in the last 
two volumes (III and IV) of the Journal of College Science Teaching discuss the social implica- 
tions'of biology and science teaching. The high proportion of articles dealing with this problem 
clearly indicates the direction in which teaching is heading. 

The need to consider ecological problems such as pollution, the population explosion and 
the energy crisis is a constant in today’s biology and general science introductory courses for 
majors and non-majors alike. The titles and composition of this type of course vary widely but 
they have a general factor in common: an attempt to be relevant and humanistic and to consider 
social problems. But a problem emerges — are biology teachers prepared to discuss social problems? 
They are expected to be as competent as any other intellectually mature person to discuss with 

outgrowth of widespread student unrest on 


their students problems of general concern. ‘As an 
college campuses several years ago, science faculty scramble about trying to be more relevant’ 


(Aronstein and Beam, 1974). A course was organized by the General Science Department of the 
State University College at Buffalo to meet the demand for relevance, humanism and scientific 
literacy. The explosive aspiration to knowledge and the impact of science on modern life were 
considered in determining the objectives of the introductory course. Students were confronted 
y so as to help develop their capacity to make 

d students jointly chose the topics of the 


with problems that should be solved humanisticall 
decisions and to use scientific literature. Professors an f 
problems to be solved and these included such themes as pollution, drugs, space exploration, 


oceanic exploration, the use of natural resources, etc. i Í 
Another example of this tendency is the Contemporary Science Course given at the Rochest- 


; A ic themes are energy, science in action, and man 
er Institute of Technology (White, 1974). The basic 4 : Deets 

ih vay oom Es taught jointly by the Departments of Physics, Chemistry and Biology. 
Three hundred and sixty students are enrolled in the course and attend three classes a week plus 
a weekly discussion session for groups of 25 students. Mimeographed texts are distributed and 
replace the traditional textbook and labora 


tory manual. Discussions include theories, scientific 
concepts and aspects of public interest. 


Th was felt by the group discussing the Pr 
Education that biology should be teh a ase] 
grated science courses are not recommen ed. n 

However, the social implications of biology a 
food, pollution, genetic engineering, population ex 
troductory courses. Several introductory courses are a 


co 4 ai Biology — audio-tutorial — indepen 1 
at vered ee of Heat are: evolution of man, ecosystem concept; habitat concept; human 


3 isease; reproduction; regulation; population ecology. The Unit Bank Biology 
ae od eye Sirriy of Kiel (Schaefer, 1972) structures biology teaching from sec- 
ondar d to university introductory courses along guide-lines such as anthropology, ecology 
and iene of learning- Several other examples can be found in the literature (Dolphin, 1973; 


oblem at the International Congress of Biological 
parate subject and at the moment general inte- 


nd the major problems of the present day — 
plosion, etc. should be included in biology in- 
lready doing so. For example, the topics 
dent study’ (Gaddis, 1972) developed 
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ee ee Ee facing the same problem is to include a w nce oe 
i innine i is i the University of Bath in 
ity curricula, beginning in the freshman year. This is done at the e banal eolo ed ani 
ingdom (Dowdeswell and Potter, 1974). This course tries to integra > >Z ; ow 
Bernie aspects around three basic themes: the spatial oe prion of A a m 
of energy in ecosystems and the gene as an element in population continuity. j 
is option resides in the fact that: , N agai 
aie “Ecology should occupy an important part in any introductory biology ore tent a 
subject in its own right, but also because of its relevance to other _— ee send 
siology, behaviour and genetics, and n contemporary problems such as 
ollution’ (Dowdeswell and Potter, 1974). , : p anin 
The brie meet one day a week during ten weeks with a two-hour a ees of 
the morning and a laboratory period of two-and-a-half hours in the e cc ie ean 
the course are that the students should become familiar with basic ecologica ‘ie aa Kaa RA 
to use scientific literature and to develop ability in data collection used in ecologi BR E 
At the Federal University of S%o Carlos in Brazil, the introductory biology se erase 
organized around the basic theme of ecology. A case study ofa lake situated Se gee ths 
the centre for curriculum planning. Starting from this basic problem, the it ea ae ‘ato 
relationship between the lake and the surrounding terrestrial ecosystems. The we is ein, Siid- 
groups, each studying a different aspect of the same research project. During pel DA ord 
ents have 30 hours of expositive/discussion classes and 90 hours of field and ADO a high level 
The two instructors in charge of the 45 students believe that the approach maintains sna eat 
motivation, improves students’ ability to synthetize by starting their projects from ae SENES: 
Obtained from several sources, and encourages them to use a more integrated approac rA E 
(Tundisi, 1975). In introductory biology courses, one is therefore confronted A lE 
challenge: that of integrating biology as well as integrating scientific knowledge an re eS 
its social implications so that they become meaningful and relevant to university 


STUDENTS 


The desire for a university education 
many youths today feel that their 
university, they continue seeking ad 
number of applicants and in the n 
selection system has had to be im 
the academic community because 

In Brazil, some institutions 
become important centres for ed 


g h 
is no longer restricted to a particular social class. Even ee 
expectations of a better way of life cannot be met fh fue 
mittance. As a result, there has been an increase moo The 
umber of colleges and universities to meet this deman hiñ 
proved and this has caused controversy and discussion W. 
of the social, economic and political consequences. _ Have 
in charge of preparing university entrance Se id 
ucational research. The Carlos Chagas Foundation, establi lô 
in 1965 to prepare entrance examinations for biomedical colleges in the state of Sto Hy 
annually marks the examinations of 20,000 students competing for the 1,500 openings a anil 
universities. A number of similar institutions have recently been founded to prepare college ae 
for the humanities and physical and mathematical sciences in Sžo Paulo and other Brazi Te 
states, It is easy to imagine the repercussions of this on the whole educational system since fu- 
taking of entrance examinations is the norm in secondary schools. The college boards also in 
ence teaching at the university level since the student body is selected and defined by them. _ 
The same situation exists in the United States where institutions such as the Education 
Science Service also have a tremendous influence in Curriculum planning at both secondary an 
university levels. According to Kirst and Walker so it 
‘Over a million students take the College Boards and several hundred institutions require mt 
Consequently, local schools do not have a choice as to whether they shall offer the doze 


202 


Trends and problems in designing introductory university-level biology courses 


subjects covered by the achievement exams of the College Boards. These tests do not 
entirely determine the detailed content of the curriculum but they do limit what teachers 
can spend time doing.’ 

Birnbaum (1973) referring to the importance of university entrance examinations writes: 
‘what occurs annually at the time of college entrance examinations can be found in few 
countries outside of Japan. Students may spend long periods cramming for entrance to 
particular universities. Some students may pay to attend special cram or preparatory schools.’ 

The use of multiple choice question is attributed to the difficuity with which university students 

express themselves orally as well as in writing. The emphasis placed upon the feedback of inform- 

ation and the memorization of facts is attributed to the pressure and nervour tension that the 
examination itself causes in the student. In the particular case of introductory biology courses, 
these facts exercised an influence in terms of the background of students entering the course. 

The possible use of the renovated projects applied to secondary teaching is determined by the 

character of examinations. In some cases the examinations had to be changed to meet the object- 

ives based upon these projects. (See the chapter “Trends in techniques and criteria used in ass- 


essing student achievement’). F P , eee 
If one considers that 15 years have already passed since the introduction of the Biological 
y since the Nuffield Project began, it is evidently 


Science Curriculum Study and nearly as man 
necessary for a careful and detailed study be made of the effects of such programmes on students 
and their importance as elements modifying university courses. Such a study could be very help- 


ful and perhaps serve as a guideline for those currently involved in formulating new curricula. 

In those educational systems where several science courses such as physics, chemistry and 
biology are taken simultaneously during the high-school years, the effects of transference of 
attitudes and behaviour from one course to another would make it possible to clarify more 
specifically the long-range effects on the university student body of such projects as the Bio- 
logical Science Curriculum Study, Nuffield, Chem Study, CBA, PSSC, etc. Curriculum changes 
even in the transition from one level of education to another, are sequential and should relate 
anterior and subsequent parts. Many youths who were involved in teaching projects in biology 
during their high-school years (projects such as the BSCS and Nuffield) are now undergraduate or 
even post-graduate students. This permits verification of the long-range effects of such projects 
by the students themselves when they enter an environment where there are few "on ei for 
self-expression, due to crowded classes, and where information itself is highly K : g 

The influence of the BSCS has been analysed in several studies. Mayer, aes mie 
and Nakostem in a special issue of the BSCS Newsletter (BSCS, 1971) reported the influence o 


; : in the performance of biology freshmen and in the organis- 
the different versions of the paaka A stay by Bennet (1975) of 857 students enrolled in the 


Sn as eae A Dat State University showed that 95.92 per cent of the sample 
had tak x l mei at the secondary level and that 37.59 per cent had been subjected to 
a en biology BSCS versions. Comparing the final grades of these students (the average of 

east one of the | ination) Bennet found that those students who had not used BSCS 
two tests and one final examin int for the formulating 


i _ This finding can serve as the focal poi t i 
br aa cals notes Se oben How are the introductory courses organized? What kind 


of a series of Jiypothe® ed and what does the content encompass in these courses? Could there 

p methodology E EDP ae the educational objectives of university courses and the BSCS? 

a es a valid measurements of these students’ performance? How deep is the gap 

e examin: : é ian? 

between secondary and university cautare i ill help researchers in their attempts to 
A number of relevant questions will arise that will help 


make the current curriculum preparation process more efficient for all concerned. 
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UNIVERSITY TEACHERS 


There is no doubt that the most important element in teaching renovation and transformation, 
regardless of the level considered, is that of the teacher/professor. At the university level the 
problem has particular facets. When one compares the pedagogical training of university teachers 
with that of elementary and secondary teachers, the former are in a disadvantageous position due 
to the fact that they have generally received no formal training. The vast majority of introductory 
courses are conducted by beginners — instructors or assistant professors — who generally have to 
divide their time between lecturing at the undergraduate level and working for their Master’s or 
Ph.D. degree. Besides their limited experience in teaching, they also show little interest in prob- 
lems of a didactic nature since their main aspiration lies in the area of research. As their academic 
career is centred around the preparation and publication of research papers, teaching is considered 
to be unavoidable burden. 

Although there is an urgent need for programmes that train teachers how to teach in order 
to improve higher education, they are very seldom offered. As faculty members insist on their 
independence and the right to carry out their work in isolation, they seldom go to the trouble of 
worrying themselves about teaching problems. These are always subordinated to the higher aims 
and goals to which professors dedicate themselves — research. 

As a general rule, university teachers are trained, or train themselves, by the trial-and-error 
method. When they are initiating their careers, their classes are based upon those they attended 
When they were students, and from then on they begin to develop their own personal styles. 
This is done at the cost of many students and during many years during which students must 
Support the errors of the professor until he begins to hit the right note, if this in fact happens. 

Attempts to improve the situation described above vary from formal training sessions, 
usually conducted by the more experienced faculty members, which normally are no more than 
disguised administrative meetings, to real training courses. A recent study that analysed the train- 
ing of instructors and assistant professors, carried out by Stockdale and Wochok (1974), verified 
that in the 50 colleges studied 80 per cent offered training courses consisting of one initial 
meeting followed by weekly gatherings that, in the main, dealt with administrative procedures 
and problems. The colleges that offer training programmes tend to organize them on four basic 
lines: the first concentrates on the discussion and presentation of teaching proceedings and 
methods that tend to increase student performance, the second deals with class or course plan- 
rr a third tries to help the instructor formulate and analyse examinations and other means O 
Other gs a fourth emphasizes the philosophy, history and aims of higher educator: 
ment of čo » although less frequently employed, include those dealing with the improv 

urse content and those concerned with educational psychology. Although Stockdale 


and Wochok’s study was not restri 5 : 5 is in 
that field happening, stricted to biology teachers, the results give an idea of what i 


Th i i illi n 
ai Pipl hans important points that should be considered by institutions willing to 1™ 
AAA g a on as regards the use of specially trained staff to teach the biology introductory 
coupes ak ee level, status and promotions should be based upon teaching activ- 
iy phase tar a owe (1975) writes: ‘It could be argued that in many cases the programmes 
oe TO Pi uae bee who finds a more efficient and effective way to iat 
engaged in other types of Tesar p aai noii 
The establishment of in 
service in educational matter i i a 
versity level. A service of this kind h ape a fn Boma eo the hte a ca 
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sponsible for up-dating courses for professors, organizing special programmes for weak students 
and preparing tests. 

Two inter-college projects can serve as examples of co-operative efforts by several institut- 
ions to produce teaching materials for biology introductory courses. One is a joint effort on the 
past of biology departments in five British universities (Bath, Birmingham, Glasgow, London and 
Sussex) to develop a biology curriculum project. The aims of the project are to produce new 
teaching materials in biology, and illustrate how learning methods could be improved by the use 
of educational technology (Dowdeswell, 1974). The Co-operative Curriculum Improvement 
Programme Biology (BIOCO-TIE) is the result of work by thirteen junior colleges campuses in 
the United States to prepare materials and disseminate scientific and technical information for 
use in introductory biology courses. (BIOCO-—TIE, 1974). The University of Texas, in an attempt 
to improve its teaching situation, organized the Centre for Teaching Effectiveness with the 


following functions: to organise courses for faculty members, especially for instructors and 
assistant professors; to provide consultation services in course design; to organize seminars to 


help improve teaching abilities: and to survey campus facilities and suggest better and more 
efficient ways of using these resources. 

In some cases, science professors are reluctant to establish this type of exchange programme. 
Science teaching centres, when they exist, could serve as a bridge and a meeting point between 
the various scientific institutions and those who are interested in teaching and educational prob- 
lems. The commonest form of collaboration is joint research. Howe (1966) noted that 21 of 33 
centres studied were carrying out such interdepartmental research programmes. Catheral (1971), 
referring to science education at the Science Education Centre of the University of Sussex, wrote 
that: *Through Science Education Centres the researcher's isolation is removed and ideas are 
communicated, likewise through the Institute of Biology communication between Centres can be 
established and ideas spread’. The materials produced in these teacher training centres — films, 
tapes, books, auto-evaluation material, and model programmes for course training — could 

of biology teaching improvement. A greater 


possibly be considered as part of a programme : I : s 
interest in teaching and educational problems could be aroused if some kind of linkage existed 
between the science departments and the science teaching centres. 


METHODS 

re organized to furnish information and the method- 
(CUEBS, publication 31, 1972). The most common 
lectures and laboratory exercises that confirm 


ory courses a 
ts this tendency 
of information are 


In general, biology introduct 
ology of the professors reflec 
processes for the transmission 
Te ae pee students with a global view of certain course contents, help them 
to understand data and to solve problems, present various opinions and points, of view, and 

ng manner. Despite their obvious advantages, 


F ; : . adi f: interesti 
give ation in an organized and i j bviou l 
aada ee many disadvantages and impede or make student participation more diff- 


icult. What should be an intellectual exchange is reduced to a monologue that is anything but 


stimulating. 


Small group discussions are currently popular in biology. This type of participation has the 


advantage of permitting students to express themselves openly and allows for direct question 
and discussion sessions with professors as well as with fellow classmates. What usually happens 
in practice, however, is that, due to the lack of preparation for group work, these so-called 
discussion classes are transformed either into lectures delivered to small groups or into unorg- 
anized talks without structure and without any definite direction. Such classes defeat their own 


purpose and end up exactly where they started (Parker, 1974). pele . } 
Group work requires careful preparation and advance distribution of reading material 
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and guides to be followed during the discussion period. This is essential at least during ie 
primary states so that a certain procedural order can be established. An interesting and practica 
suggestion given by Young (1974) is that each member of the group ‘pays his ticket’, that is, 
each furnishes his own written response to a question proposed during the class preceding the 
discussion. . DAN 

The use of video tapes and films can be very useful aids in analysing and criticizing the 
classes. In poor countries where these means do not exist or are difficult to acquire, personal 
observations made by groups of professors of the same department or teaching unit could serve 
the same role and result in greater efficiency. , 

With the growing concern for social problems and the attempt to give relevance to maay 
courses, a new way of working with students has become popular - simulation and games. Pro i 
ably because of the increased interest in community problems, this process, so widely used in the 
social sciences, has become incorporated into the natural science courses. Participants in —_ 
course simulations assume and defend the roles of different elements in society or of members 0 
the community and interact so as to consider varying points of view and interest. The students 
acquire an understanding of the complexity of certain problems and the difficulties that arise 
when trying to reach acceptable solutions. When they have finally reached an agreement, the 
group members can verify the effect of their decisions by the reactions of their classmates 
(Crawford and Purcell, 1974), 

In introductory biology courses, simulations are particularly useful in making students 
aware of the scientist’s responsibility to society and the citizen’s responsibility to science. Topics 
such as the construction of industrial plant, the destruction of forests, and the use of insecticides 
and pesticides are well suited to discussion of biological problems and are of social, ecanom 
and political interest. Students, who react enthusiastically to this type of activity, not only oe 
with problems related to their own field of study but also learn to work in groups, to respec 
confronting opinions, and to negociate and compromise in order to reach acceptable decisions: 

If introductory biology courses, besides furnishing information about the basic biology 
concepts, are to give students a view of biology as a science and allow them to experience the 
scientific process, then laboratory or practical exercises are essential. A good balance between 
theory and practical including field work from the very beginning is essential. 

Among the various objectives of laboratory work - to illustrate concepts and present men 
to teach techniques and methods, and to offer participation in scientific work - the most import 
ant is that the student encounters the unexpected in his results and tries to explain it. The lab 
oratory is the only place where this process can occur. While many other aspects of the scien- 
tific process can be presented by varying methods and techniques, this objective is the exclusive 
property of experimental work. (see also the chapter on ‘The impact of new instructional equip- 
ment and educational technology in the process of teaching biology’). At the Scottsdale er 
unity College in the United States (Gray and Olson, 1975), the laboratory is open and me 
student can use it at his own convenience, Each experiment is divided into parts and studen 
need not finish the whole project in one period. Instructions about use are given by film loppe 
Attendance is controlled by cards carried by the students; these cards are placed in a card holia 
which has a number of slots equal to the number of laboratory stations. When the slots are full, 
students know that there are no places left. d 
een need develop coms 9 Podee educational materials isa pressing a7 
production, the installati wishing to provide good science teaching. Equip 


on of a local industry to furnish educational materials based upon cult” 


icula designed to serve the interests and objectives of each country, and the production of class 
aids - texts, equipment, audio-visual aids, etc. - are essential i 


An interesting experiment in this regard was conducted in Brazil. A series of fifty kits was 
produced for carrying out experiments in physics, chemistry biology and geology. Each kit im 
cluded sufficient equipment to conduct a series of experiments together with instructions and the 
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biography of a scientist celebrated in connexion with experiments to be conducted. This per- 
mitted a discussion of the implications and effects of scientific discoveries in a given historical 
context. 

So as to make then readily accessible to the general public, the kits, were sold at local news 
stands. New series were offered every two weeks. One of the unexpected results of this project 
was the adoption of the kits in large numbers by secondary schools and even by colleges and 
universities where they were used in introductory science courses. Although the equipment was 
unsophisticated and the experiments were prepared for the secondary-level student, university 
teachers also employed them as they were the only available resources to which they could turn. 
By using the material provided in the kits, they were able to realize more sophisticated experi- 
ments which their courses demanted. ; , p 

The papers published in the Proceedings of the Third Asian Regional Conference on School 
Biology are excellent examples of how local organisms can be utilized. Investigations with silk- 
worms, hibiscus, rice and other grasses peculiar to the region (AABE, 1970) will allow the 
development of courses adapted to the area where they are given. , 

While there are many excellent laboratory manuals for high school courses, such material is 
very scarce at the university level. The preparation of laboratory manuals and teacher guides con- 
taining exercises and suggestions that present relevant problems and help develop good invest- 
igative habits instead of merely containing instructions that are mechanically repeated is another 
task essential to university teaching improvement. ; 

Field trips are characteristic activity of introductory biology courses even though the 
problems they present to those in charge of planning are serious and take on different aspects 
according to the region where they are to be conducted. A teacher's guide dealing with the 
problems involved in field trip planning and the practical difficulties encountered, and furnishing 
suggestings for projects to be used in introductory biology courses would be very helpful, 
especially at this time when there is so much concern ecological problems and the conservation 
of natural resources. 


TRENDS IN THE ORGANIZATION OF INDIVIDUALIZED INTRODUCTORY BIOLOGY 

COURSES 

held to be the principal cause of one of the most 
: iol teaching - individualized instruction. The search for teaching 

Pn — ages a tea individual differences in personality, interests and previous 

s rategies that take eF dents can work at their own pace during their courses is a constant in 

preparation so that stu The large number of enrolments, and the 


TIa AI : jology course planning. ! 1 
ss jaime Yabo RY and instructional materials have also played a role in the 
o innova 


dissemination orto oie by Postlethwait (CUEBS, 1971) at Purdue University gave the 
3 The pioneer aga rds the use of the so-called ‘audio-tutorial approach’ and the whole 
first major impulse tow! Kormondy (1971), at that time director of CUEBS, 


sdi i i ction. 
movement for individualized a le Modules - The use of modules in college biology 


; ; : ce to his artic 0 
A s rer clear in pang this type of instruction as a remedy for teaching problems. 
eaching, that muc 


i j i i tion - at all 

‘ $ Il perhaps become the major pedagogical tool in educa 

sonit thatthe mod ryt P passive object which achieves its purpose only when used, the 

pias got a iit Bae dependent upon the degree of the user’s skill. So it is with modules, 
gree of achie 


i i trements of academia’. 

A boratory exercises, movies and all other accou 1 i ia 
as well as with texton e ekion or minicourses, are, in fact, instructional units with specific 
Modales, unis for student work, texts and self-evaluation instruments. The advan- 


j i i i S . . 
chistes, ear inte od in support of the use of modules are that: they take into consid- 


tages more frequently liste 


Individual student differences have been 
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A z . i o S 
eration individual student B pi ae eak rey ae w 
content repetitions for students who have already s flee 2 ne course flexibility 
work for those whose lacking educational background; they a es sett ie ba tial oe 
permitting any number of different module Eni ae Sa E E E 
they are divided into small independent parts; they are already pren eee es 
is freed from planning and routine activities, allowing more time for study, mg 
i i i idents, and more time to prepare other modules for future use; they 
Nee Sete en thus forming a large pool oi mateni Hat = a by many 
professors and schools; and they can replace lecture classes with signi me z i 3 er oe 
Certain problems, however, may arise from the use of modules as a form o ey nage nage 
From the practical point of view, two types of difficulties have peal ia D E 
centres around the difficulties encountered in establishing and maintaining 8 ie feta 
discipline necessary for independent study among students, the second is relate 
Ue tia execs were designed for individualized sae, wain many pamane 
they can be adapted to group learning. While this solution may be satisfactory for samen E ole 
it would be very difficult to apply in countries and regions where small colleges wou 
to organize such a complex mechanized control system. 


EEA ‘ a f 
The following chart summarizes some of the individualized courses for introductory 
biology. 


Institution and name of project 


“Main aspects 


University of Wyoming; 
Geisert (1974) 


io- jal 
Instructional procedures - open laboratory, Aue tort 
programmed learning, small group instruction, stu 
student instruction. 


lowa State University, 
PAS (Phase Achievement System); 
Dolphin (1973) 


i i lect- 
Audio-visual tutorial modules, visual and audio tapes, 
ures, laboratory work. 


Inter University 

Biology Teaching Project (IUBTP), 
University of Glasgow; 

Dowdeswell (1974) 


5 E ial 
Independent study, programmed instruction, audio-tutor! 
and tape slide. 


Biological Science Curriculum Study - 
Minicourse development; 
BSCS (1973) 


i i ilms, 
Material - study guide, slides, film strips, film loop, fi 
audio tape, laboratory equipment. ; i ine 
Indepantiohe study, programmed instruction, laboratory 
vestigations, field experiences and audio-tutorial. 


AIBS - Project Biotech, American Institute of 
Biological Sciences; Ehrle (1971) 


i ills and 
Materials to teach biologically related technical skills 
and techniques; programmed units, slides, film strips. 


Harvard School of Public Health 


“What people 
eat?”; Raw (1975) 


inars 
Based on classroom experiments. Includes lectures, sem 
and field projects. 


General audio-tutorial independent study, 
University of Arizona; Gaddis (1972) 


z z F in- 
Independent study, programmed instructions, abord toa ig 
vestigations, discussion sessions, field experiences a 

tutorial. 


Kansas State College, 
Individualizing instruction; Kurtz (1971) 


Unit Bank Biology, IPN, West Germany; 
Schaefer (1972) 


7 exper 
Independent study, discussion groups, laboratory P 
iments. 


z tions- 
Lectures, seminars, discussions, laboratory demonstra 


Video-tutorial instruction, 


Rhode Island Junior College; 
Ganz (1974) 


Relates biological concepts to cybernetic concepts. 


; i i 25 in COn 
Lectures, laboratory sessions using video-cassettes 


Principles of Genetics, University of California 
at Davis: 


Visher (1974) 


- jenmentS- 
Video-tape modules, textbook reading, problem Aee atures 
Students meet with instructors for clarification 

for 200 students weekly. 


junction with student laboratory material. 
—L 
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OBJECTIVES AND EVALUATION 


ded that behavioural objectives (instructional, educational, operational, 
etc.) be defined prior to examination preparation. Determining the minimum level of perform- 
ance at the beginning of the course is a valuable way of verifying student progress during the 
course and also of preparing examinations. What usually happens is that course objectives are 
prepared during the planning phase and then forgotten. These objectives reveal themselves and 
students recognize them only during examination periods since professors usually test only what 
they consider to be important. (See also the chapter on ‘Trends in techniques and criteria used 
in assessing student achievement’). 

The examinations used in university courses generally reflect the kind of course that is 
highly informative and compact and which is limited to the lower categories of the cognitive 
level. These courses seldom reach the higher level, of the various taxonomies of educational 
objectives. The very structure of the university is also an obstacle to the improvement of eval- 
uation and planning techniques. Large student bodies, teachers’ limited free time, the imposs- 
ibility of a more personal contact between faculty members and students, and administrative 
demands, make the grading system a source of friction when it should be a source of information 
about student progress. Seminars for faculty members that deal with the problems of evaluation 
and prepare publications with suggestions and examples of evaluation instruments would help 
to minimize the problem. 


It is currently recommen 


MEANS 


University textbooks are, more than at any other level of teaching, guides and determinants of 
the nature and characteristics of biology introductory courses. Textbooks have always served as 
indicators of course approaches. Some textbooks were of great influence in teaching and indicate 
when teaching under went a transformation. The transition from the morphological to the 
phylogenetic approach depended on the writing of a textbook that would transmit this view to 


a school-aged audience. 
In developing countries, 
especially because translations are necessa 


in order to keep onesself’s up to date with pu : 
and a problems in the acquisition of textbooks and other materials. 


5 saati ks divided into series with units that treat specific themes marked 
sole E e advantages. They permitted greater course flexibility and the 
possibility of frequent material up-dating as well as a reduction in price. As the preparation of 
textbooks for universities does not adopt the procedure used for the development of high school 
curriculum projects - interdisciplinary groups dedicated to the preparation of reading material, 
laboratories, practical activities, films, etc. - the use of serial-type textbooks would permit 
student exposure to different ideas as presented by different authors. ; ; 

Ae aton OT tall anthology of possible alternatives for biology courses, including 
supe on Se nial les which could be adapted to different 
suggestions for 


ts illustrating basic princip 
regions, wa recommended as 4 possible way to develop an international programme. (see the 
3 as o : : 
chapter on ‘Regional and instructional co-O 


the influence of innovating research publications is delayed, 
ry. Besides the need to understand foreign languages 
blications, scholars in these countries have financial 


peration for the improvement of biology education’). 


CONCLUSION 
s in designing introductory university biology 


he study of trend: 
f the student population will create a need for 


e from t T 
nd composition O 


Several points emerg n 
the size a 


courses. Variations in 
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the production of more and different media. Progress in technology will produce films, slides 


and complete programmes that will differ from student to student according to their personal- 
ities and interests. 


Introductory biology courses will reflect concern with the social implications of biology, 
as well as transmitting information about facts and processes is biological research. ; 
Institutional changes and modifications of the higher-level education system will generate 
different solutions in terms of class organization, new courses and the integration of biology 
courses and community. A greater number and increased diversification of professional options 
will produce a need for different curricula in introductory courses. o . 
l E will be needed to produce better courses, and improve the efficiency of ae 
at the beginning of university education. Different universities and institutions will et i. 
forces to produce courses and materials that can be used in different campuses and schools. 
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INTRODUCTION 


At the outset it is important to acknowledge that the term ‘public’ is vague and ill-defined, 
and in the present context signifies those who are not trained biologists. Outside of our own 
specialities and interests, however, we all become laymen; the further one moves from the 
speciality of training the more general becomes one S knowledge, and the more one becomes a 
member of ‘the public’. This fact is too often forgotten, and there isa tendency, on the basis of 
specialized knowledge and training, to assume a spurious authority and to make superficial 
generalizations about the work and attitudes of others. 


EXTENT OF PUBLIC INTEREST 
then, is extremely vague, referring to millions of people of all ages, at all 
J ty of aptitudes and interests. Some sectors of the public 
teur interest in science. 
f overlapping membership between organizations con- 
` rete t all countries. The size of the group may be 
extn wäh oaa bo less academic interests e.g. if it is assumed that people involved 
in athletics, gardening, angling, etc., have an active interest in, and concern for, some aspect of 
biological senie: This kind of information may be obtained by a public opinion-poll method; 
in determining the extent of public interest, such a method may be valuable in some countries, 
but its reliability is often questioned. In some developing countries, market place’ opinion 
might give a reliable indication of community feeling. Behavioural indicators (e.g. adoption 
of new agricultural techniques, extent of litter) need to be investigated as possible methods of 
cbtaming aione, both a minority element that is informed and articulate and a less 
If society conta the latter can be more readily reached by way of specific 


it may be that 
sts. If a ‘peer-teacher’ approach can be coupled to this then the 


The term ‘public’, 5 2 
stages of education and with a varie 
display substantial professional or ama 


There is undoubtedly a great deal o I 
he environment in 


articulate majority, I 
social or recreational intere 
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articulate opinion leaders can be used as a means of communicating with the majority. The 
method of coupling a particular socio-medical education programme to-an existing community 
organization is outlined by Muslim (1975), in South-East Asia, while Lee Joo Hyun et al (1975) 
describe the role of local opinion leaders in Korea. 


THE BENEFITS OF PUBLIC INTEREST 


What is the benefit to society and to scientists of a balanced and well-founded interest in, and 
appreciation of, science (especially biological science) by the general public? The answer to 
this question may be sought in the context, firstly, of the science-and technology-oriented and 
resource-limited society in which the peoples of the developed countries live, and secondly, the 
importance of innovations in agriculture and family planning to the many peasant and farming 
communities of the world. As pointed out by Emmelin (1975) an understanding of the funct- 
ioning of the environment is a requisite for coping with both technological development and 
underdevelopment. 

For the purpose of this chapter, pure sciences, the applied sciences and the social sciences 
are not separated when considering benefits; in many respects, biology serves as a bridge between 
each of those facets and forms of science. A list of benefits might include the following: 
— facilitates determination by policy-makers of expenditure priorities in a resource-limited 

society; 
promotes understanding between policy makers, planners and the public; , 
improves understanding and co-operation in the fields of diagnostic, curative, preventative 
and social medicine; : i 
improves understanding and co-operation between the agriculture industry and the public; 
increases and promotes understanding of the values of environmental conservation and 
land management; 


enhances opportunities for leisure by adding understanding to aesthetic considerations e 
the environment and wildlife. 

pr bag sa o Society in general are clear and resolve themselves into ‘a better informed ae 
ke e = ue to the individual in society is more difficult to define, but fundamentally 
an eee ner aning understanding thereby diminishing uncertainty and anxiety, enhancing 
Re rat an i imparting a sense of participation, and encouraging personal decision maka 
A pio oak a of action is extended. The value to the scientist is, in the last ye 
public. © expand and pursue his science with the understanding and support of th 


EDUCATION 


Public awa i 
posters a pera are largely based on information and education. The use of 
and Inexpensive means of conveying information, but informing is only 


one step in the process of educati is j 
: : on. I i me 
ag gy Be ig nie aani to view the formal components of scien 


$ : ide the 
formal system) and the informal í ), the non-formal (i.e. organized, but outside 
and influence on the public. (e.g. radio, newspapers etc.) from the standpoint of impa¢ 


Formal education 


As far as the biological field is concerned, even within one country the formal levels of public 
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education vary considerably. In part this variation is due to the mixed age structure of the 
population; age-group knowledge will reflect the content and emphasis of courses given in the 
corresponding school years. It will also depend on the different stages reached in the education 
spectrum by different members of the public. 

In designing appropriate curricula for these various levels, account is taken of the stage of 
development reached by the individual or the age group and the educational objectives to be 
achieved. In reviewing a wide range of curricula it is possible to derive a list of objectives which 


are either explicitly common to most, thus: 
— fostering and sustaining interest in the learning process and the need to understand the 


causes of events; 
— training in the skills and attitudes of the scientific method; 
— imparting factual knowledge; 
— imparting motor skills; 
— stimulating pupils to maintain 
— stimulating the application O 
science; 
— promoting an understand 
and thereby promoting 
science-based); 


— training for specific careers in biology. , 
Clearly not all of these aims and objectives are relevant at every level of education (See Chapter 


1). From the point of view of public education, the main concern is perhaps course content 
up to the first school leaving point since for the majority of the population that will conclude 
their formal education in biology (and probably science). Toa lesser degree in terms of prop- 
ortion of the population involved, but probably to a critical degree in terms of positions held 
in society, consideration should also be given to those in the tertiary education sectors whose 
aims, interests and careers lie outside biology but who may study the subject at a subsidiary or 
minor level (the often despised ‘service-course’ to non-biology students). Taking these two 
levels as examples and looking at them purely from the public education viewpoint, it is useful 
to consider what curriculum-planners might include at such levels bearing in mind the six 
values listed earlier and the need to establish a foundation for the informal component of educ- 


aa some ideas as a basis for discussion. IEIS not put forward as a model 
curriculum but merely as an indication of possible subject areas which can be related to major 
social issues. It is important in using such material not to set unrealistic goals of attainment. It is 
clear that a high degree of selectivity must be applied, and there is much scope for differences 


of opinion and emphasis. 


a science component in higher education; 
f the principles and skills of science to relevant areas outside 


ing of science in the cultural life of the individual and society, 
the breakdown of the so-called two cultures (arts-based and 


Non-formal and informal education 


rts in the developing countries, up to 50 per cent of the children and adults 
J] not achieve minimal levels of formal education either through lack of 
tion in the systems provided or ‘dropping out’. A less extensive but 
system is also clear in many of the developed countries of the 
in most countries the influence and impact of biology will be 
1 and informal levels rather than through the formal levels. 
The similarities between ‘developed’ and ‘developing’ countries in this respect are striking. 

Non-formal and informal components of education will be effective forces, firstly in parallel 
with the formal component and, later, in succession to it. To a large extent the interaction of 
individuals with the components will produce a great variety of responses but this is also true 


In spite of great effo 
in some countries will } 
opportunity, non-participa 
similar limitation of the formal 
West. Indeed it seems likely that 
produced through the non-forma 
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at the formal levels of education and need not prevent at least a superficial examination of the 
vehicles of these components of education and some of their likely consequences. 

Listed below are some of the ways in which non-formal and informal education are prop- 
agated: broadcasting (sound-radio and television); books; public meetings and lectures; 
newspaper and general magazine articles and advertisements; specialist magazines; films; 


zoological gardens; botanical gardens; museums; nature trails and forest parks; tourist inter- 
pretation centres. 


Table 1 Biology Curricula 


A, Minimum curriculum for the first school-leaving point. 

Topic | Percentage of time 
Origins of the planet and its life. The variety of life, its nature, extent and evolution 
Basic animal and plant morphology. The evolution of primates, especially man. 20 
Time-scales. 


Human structure and function. Reproduction, development, growth and senescence. 20 
The laws of behaviour. 


Human types, variety in the human animal. Genetics and human genetics. Nature, 10 
nurture and their interactions. 


The ecosystem concept; the evolution of ecosystems. The scavenger/hunter, 
agricultural and industrial evolution of man. Ecosystem management in the 25 
twentieth century. The space-ship Earth. 


Population biology, population growth. Social medicine, its growth and implications. J o W l 
Contemporary biology, present and forseeable problems in agriculture, fisheries and 
medicine. The work of the scientist (using specific examples). Pure, applied and social 15 


sciences. Continuing education in science. 


B. Minor course (one semester) at university/college standard. No prior knowledge other than that in section A. 
Topic Percentage of time 
The human Species and culture, its evolution and diversity. Mendelism and man, racial 20 
and sex differences. 
Human reproduction, growth and development - factors controlling and limiting 
throne of Populations. Health and disease, biology of major diseases and 30 
h a ities (physical and mental), preventive and curative medicine. Food and 
utrition, parasites. Human behaviour and mental health. 
Earth history; bi i i 
a rr Eee enema cycles, global energy sources. World ecosystems - their m 
Resource biology - agri isheri . : 
ana Hieeae ogy - agriculture, fisheries, forestry. Cropping and optimization. Pests 
ICES, TONA r sentra organizations and programmes (e.g. Unesco; FAO, WHO, 
> seti TK of intranational izati i 
nature conservation councils (use specific ane On; A n i 
The funding of science; the co i 
a ; sts ai ienti j 
kalve caera one nd benefits of scientific research, the time-scales 15 
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and sound has the greatest impact. Assessing the impact of broadcasts is now a well-established 
and routine part of the general audience research activity of broadcasting authorities. There is 
no doubt that biological programmes are very popular, especially those with a wildlife theme 
and those based on aspects of human physiology and behaviour. 

A number of British Broadcasting Corporation television audience research publications 
provide useful examples for discussion. Studies are made by means of questionnaires and 
interviews, care being taken to ensure a valid sample in so far as sex, age, socio-economic 
group, professional interest-group, etc., are concerned. Reaction-indices are obtained for 
entire programmes, parts of programmes and subjects of programmes; viewers? attitudes and 
knowledge before and after viewing are also measured. One such study relates to the pro- 
grammes Matters of Medicine broadcast in 1960. These dealt with the subjects of immunization 
and coronary thrombosis, and were watched by about 8 per cent of the population of the United 
Kingdom (3,750,000 persons). The reaction of the lay audience can best be indicated by the 
following quotations from the report. 

Immunization. The audiences thought the programme had had a high propaganda value. 


Several viewers suggested that immunization should be compulsory. There appeared to be 


genuine satisfaction with all the medical speakers. 
‘Coronary thrombosis. They commented that the programme contained much helpful 


information and that it was easily understood and fairly reassuring. A small minority 
critized the depressing and disquieting nature of the programme. 

‘Disabling diseases. Most viewers thought the subject had been discussed in a balanced, 
sensible fashion, and never frighteningly, a minority contended that the material was 
unsuitable and unnecessary for general viewing and that it might encourage hypochondria. 
A few considered the proceedings profoundly depressing - containing little comfort for the 


afflicted. r j P 
‘Living longer. Most viewers emphasized the interesting nature of this programme. A small 


; ‘ oat 
number wrote that it was ‘very boring - l 
practitioners In the survey sample were broadly in agreement with 


The reactions of the medical S 1 s 2 : \ 
those of the lay audience. A few additional points are made in the following quotations; 
‘Doctor’s views on the use of TV for medical subjects. 83 per cent were in favour of 
showing such programmes and the rest against. The minority felt that the dangers out- 
weighed the possible advantages. Education should take priority over entertainment value, 
great care should be taken to avoid creating fear or anxiety. Such programmes should be put 
on with caution and responsibility in full consultation with the medical profession’. 
The summary of findings in the report was as follows: ‘The effect of the programme appears to 
have been to increase considerably the number of people who said they worried’ about 
coronary thrombosis (from 18 per cent to 28 per cent) but not to have increased the prop- 
ortion who were very worried about it. On the whole the programme also tended to increase 
the number of people who were concerned about growing older, the welfare of older rel- 
atives, overwork, illness and physical disability, particularly the number who worried about 
illness and the welfare O older relatives, but again not to increase the proportion who were 
very worried. The evidence is that the programme considerably increased viewers know- 
ledge of coronary thrombosis though much ignorance remained. The programme did not 
greatly affect viewers’ attitudes towards general practitioners and towards the progress of 
medical science. There was some evidence of rather greater confidence in general practit- 
ioners and of more awareness of the progress medical science has yet to make. The pro- 
gramme does not appear to have made much difference to the incidence of anxiety of 
kool eg isle programme (broadcast by the BBC. in their Horizon series in July 1972) 
was potentially more ‘delicate’. This was entitled Sex can be a problem and dealt with such 
sexual difficulties as frigidity and impotence. A case-history approach was used. The audience 
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amounted to 4.8 per cent of the population (2,400,000 people). The ‘middle-class’ was heavily 
represented in the audience (perhaps 50 per cent of all viewers, although this class amounts only 
33 per cent of the total population). The audience was predominantly middle-agéd (60 per cent 
in the 30-49 age group, very few under 15 years of age and only 20 per cent over 50). The follow- 
ing quotations from the report once more throw light on the contribution of such programmes 
to public education. 
‘The Programme. Research into the effects of mass communication strongly suggests that 
programmes dealing with entrenched attitudes and taboo subjects - as this one did - can 
rarely be expected to produce massive attitude changes - whilst even the conveying of 
information can be effectively blocked by scepticism on the part of the viewer. i 
‘Extracts from summary. The programme was widely regarded as informative, clear, in good 
taste and not embarrassing. Far from persuading viewers that sexual problems should be 
regarded as matters for treatment by the medical profession - the programme appears to 
have done the reverse. In view of the emphasis placed on the inadequate training of doctors 
in these matters such a result is, perhaps, not surprising. Despite increased unwillingness to 
consult a doctor, considerably more viewers than non-viewers were ‘completely confident 
that sexual inadequacy was curable. The contrast between the enthusiastic reception given 
to the programme by both viewers and non-viewers and its meagre effects on attitudes and 
knowledge is not unique’. 
Turning to wildlife programmes, the following quotations from two reports illustrate the uses 
and limitations of the media in relation to matters of conservation. POP 
‘Wildlife safari to Ethiopia However frequently or infrequently they watched wildlife 
programmes, viewers were overwhelmingly in favour of protecting and conserving wildlife, 
84 per cent strongly agreeing that “it’s very important that rare animals and birds should be 
protected from harm”. Nevertheless most of them (63 per cent) also support the proviso 
that “human beings always come first”. 
‘The audiences were between 6 and 7 million, (i.e. 12-14 per cent of the population aged 5 
years or over) and all programmes had high reaction indices ranging from 76 to 80. 
‘The effects’ study, although based on the responses of small numbers of viewers and non; 
viewers, showed that watching Wildlife safari to Ethiopia did significantly increase viewers 
knowledge of the country. However, the increase was not very great, viewers’ marks 
increasing from an average of 12 out of 30 to 17 out of 30. Effects of the series on viewers 
knowledge of, and attitudes towards, wildlife generally were even smaller’. . 
An analysis (Rowson-Jones and Salkeld 1972) of the influence of the mass media (especially 
radio) iñ sub-Sahara Africa with regard to family planning information presents other aspects O 
the uses and limitations of this form of education. The following data, taken from tables in that 
review, show that there is very Significant coverage by radio in Africa: 


Unesco targets for minimum e in Africa | 
media coverage/1000 people Acia 1970/1000 people 

100 copies of a daily newspaper 10.4 copies 
20 cinema seats 18.0 seats 


50 radio sets i 
55.7 radio sets 
20 television sets Ra 
1.8 television sets 
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the media in the following form: 


Media Very reliable Quite reliable Not reliable 
Television 71.7% 21.7% ir 4.7% 
Radio 69.2 18.5 6.2 
Magazines 66.2 24.3 8.1 
Newspapers 59.6 24.4 16.2 
Posters, etc. 60.0 10.0 30.0 
Cinema 36.4 21.2 39.4 
== =| 


Clearly, in communicating information on which a family planning programme is to be based, 
such details as those above must be taken into account. A set of sample scripts are included in an 


article by Riitho (quoted in Townson-Jones and Salkeld, 1972). The scripts are often short, 
designed for programme or advertising spots lasting for 10 seconds to 10 minutes. Some examples 


are given below: 


— 
BOTSWANA 
Audience: Mothers of young children 
Time: 30 seconds 
Man: Mother! Tell me why your baby looks so healthy. 
What are you feeding him with? 
Woman: Nutritious food, good care. 
Man How do you manage to give so much care to one child? 
ily planning clinic. They help you have babies just when you 
W f We have been to the family p! n y 
= want them. Why don’t you take your wife there? 
Man. We will go tomorrow. Thank you. 
MAURITIUS 
Audience: Parents (Hindi speaking) 
Tim 10 seconds 
ime: 
Baas do ya teen bache 
Annone (Two or three children are enough). 
Kam baache ho to ounka bojh ootha Sakte ho 
(If less children, you can support them). 
Acha Khila Sakte ho ounhe acha para Sakte ho 
(You can feed and clothe them properly). 
Jeisi bhi Chaho ounki takdeer bana Sakte ho 
(Do as you like, their future will be bright). 
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NIGERIA 

Audience: Low income families 

Time: 30 seconds 

First woman: Good news! Good news! Good news! 

Second woman: What’s all this news of yours about? 

First woman: It’s all about family planning. 

Second woman: What is family planning? 

First woman: Family planning helps you to have your baby when you want. It will help give 
your husband time to save money and perhaps improve your children’s 
education. 

Second woman: Where can I find out more about family planning? 

First woman: There are clinics all over the country, in Government and missionary hospitals. 
Family planning has helped me bring up healthy and strong children. 


a 


Turning to the printed word and the role of books, magazines, etc., iliteracy may represent a 
barrier, but there is the advantage of permanency; the material can be read, re-read and passed 
on. Biological titles and subjects are popular, regularly appearing on the best-seller lists in most 
countries. Once more, wildlife stories are especially popular. There are few publications which 
appeal to specialist and non-specialist readers alike but there are nonetheless some, for example 
The New Naturalist series published in the United Kingdom by Collins. 

> Popular medical books (e.g. those of Dr. Spock) are also generally regarded as having great 
influence, but again there appears to be no quantitative information available. 

Information on the impact of most other forms of informal education is at least as difficult 
ome a we are reduced to conjecture and speculation. The BBC data clearly indicate that 
irae ae — process probably cannot start without first capturing attention and 
ation pics “er is only one step in the process and does not guarantee retention of inform- 
Backed lc attitudes. Perhaps no better example of this exists than the government- 
accent ay, A in the United States and elsewhere to reduce cigarette smoking. It 
investigation of eae tee er in detail all varieties of informal education, but even a superficia 
United Kingdom gs s 5 the conclusion that in an advanced economy such as that of the 
to the opportunities San: ii ack of information available. The problems arise in matching this 
the most carefully pl sd ingness of the public to receive and assimilate it. The effects of even 

y planned programmes appear to be short-lived and more attention will need 


to be paid i he 
paid in the future to the problems of public receptivity, retention and application. 


Science and society 


but. often distrusted and thought rm face to the public; applied science is easily comprehended 
fess well understood, and at e contribute to environmental pollution. ‘Pure’ science is muc 
periments on living animals) collects its 
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1. Aspects of social and preventive medicine (e.g. uses of alcohol, tobacco, other drugs); 
2. age, infirmity and handicap problems; 3. advanced and novel surgical techniques; 4. sexual 
problems; 5. eugenics; 6. population regulation; 7. racial understanding; 8. the role of women 
and children: 9. land-use; 10. food supply; 11. factory farming and intensive agriculture; 
13. Educational opportunities; 14. advertising and the manipulation of public 


15. housing plans; 16. the use of leisure. 
butions of biology to public education are primarily 


12. pollution; 
attitudes and opinions; 
On a world-wide scale, the contri 


limited in two ways. 
l. In countries where literacy levels are high, availability and accessibility of information are 


rarely limiting factors, whereas receptivity, retention and application may be. Only a 
section of the population seems to be receptive (with a large bias in favour of the middle- 
classes) while retention levels may be low and public attitudes resistant to change. 
2. In countries where literacy levels are low, the accessibility of information is superimposed 
on problems arising from the unavailability of information. 
In both cases, the result is a severe limitation on the understanding of science and scientists by 
the public. To this extent the effectiveness of science policy is bound to be restricted, and in 
some fields (e.g. the uses of energy, the management of the environment, aspects of personal 


and public health) such limitations may have considerable and costly consequences. 
In circumstances where ‘ormal education in biology are insufficient to permit 


the levels of f 
the public to fully understand the principles and practices of science, effective non-formal and 
informal methods of education become of increasing importance. At present the effectiveness 
of such methods is uncertain. Sardman (1974) and Linke (quoted by Emmelin, 1975) both 
conclude that the effectiveness O ducational terms is very limited, due among 


f the media in educ 
other things to superficiality of approach, the emotional nature of the message and, in some 
cases, associations with advertising of prod 


ucts which are regarded as being in some ways anti- 
social. 


It would als 
entertainment element, 


o seem that the ‘passive’ approach, linked in Western countries to a strong 
is not enough to ensure retention and application of information. 
Other, more active approaches with increased a A ton may pis to be devised. 
Such public participation could take various forms. ne might e thE Hie vement of groups of 
people in project work on a community basis, with the prajects selected to match a particular 
need or interest (e.g. a conservation project, a protein-production’ project, a family planning 
project). Another approach might be to follow-up broadcast programmes with locally organized 
lectures, excursions and further reading. In pursuing a policy of participation, formidable 
sroblems of public acceptance need to be overcome. There is a need for the establishment of a 
p ee f ‘community teacher” (analagous in many aspects with that of health visitor) 
oons] me ne education after the statutary school-leaving. age. Members of this pro- 
fession would co-operate with, for example, science journalists. Their basic education and skills 
sees gh imilar to those of teachers within the formal system, but they would require particular 
conn ae communication techniques. a and regional ‘resource-banks’ and an 
appropriate administrative network would be pa ‘7 Geel Kihei a E 
tent the Open University in the United 1 ingdom, the Radiophonic schools in 
; To Enk he University without walls in the United States forshadow such a develop- 
Latin America and T a long-term one, will require considerable manpower and it will not be 
ment. The progoni r But there seems to be no escaping the conclusion that personal 
inexpensive to hg me is probably the most effective long-term method of furthering 
attention and Cae more, family planning organizations have given a lead, and the concept 
pubie education: KETS forms the basis of most of their community education programmes; 
of trained noo ona field workers is inevitably counter-productive (see, for example, Cernada, 
inadequate traie i of all, if the aims and content of the education conflict with the social 
oem aon of the people, the programme will appear utterly unreal and irrelevant. 
r ec a 
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Working in biological education these days one soon realizes that the rapid advancement in the 
teaching of biology in all parts of the world owes much to a great deal of co-operation. Co-op- 
eration is not only between students and their teachers, but among educators, scientists, admin- 
istrators, curriculum writers, equipment suppliers, course evaluators, school plant planners 

< e supervisors, and many, many others. Overlying all these interact- 


governmental officials. science su ns A 
y vities that cross over political, social, cultural, economic religious 
? > 


ions are highly important acti I te i 
and physical barriers and lead to a highly beneficial sharing of knowledge through regional and 


international co-operation. The bodies E E from such well known organizations as 
Unesco to those that impinge 0” only:a.tew S$ hool districts. All of them, however, have the sam 
general goal - the improvement of biology teaching wherever it exists. i 
The purpose of this ehan r A oin bs pan developments and trends that seem 
to be emerging in the arena © ımmarizing a few specific exampl 
3 Rede i throughout the world. These indicat ples of 
the myriad activities 80108 On i icate the needs that 
: t recommendations for future directi groups are 
attempting to meet and sugges l irection. In these days of 
; : ds of examples can be cited of F ys of educ- 
ational concern, literally hundre ot on-going co-operative activiti 
that affect biology teaching- Many ae may have been inadvertently left och 
this section does identify some par r by active groups including those mentioned at 
1975 1UBS/ Unesco International Congress in Uppsala, Sweden. at the 
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Unesco as a co-operative institution 


Among the organizations designed to encourage co-operation on an international scale is Unesco. 
While its headquarters is in Paris, it operates regionally so as to enable developing countries 
to help themselves by co-operating with other countries who have already found solutions to 
similar problems. 

Unesco has used the co-operation of interested individuals to improve biology teaching. It 
may be useful to cite the types of activities most commonly undertaken. These include: the 
preparation of the classic co-operatively-produced Unesco source book for science teaching and 
its 1973 revision entitled the New Unesco source book for science teaching; the Unesco Trends 
in Biology teaching volumes: the Unesco Pilot project for the improvement of teaching in Africa 
local, regional and international workshops, training sessions and centres, writing conferences, 
and seminars; leader exchange; translation of publications; use of highly trained field experts; 
and special publications too numerous to detail. Inter-and intra-country scholarships are also 
sponsored. 


ICASE, a Unesco-related co-operative organization 


Unesco has been active in stimulating the formation of national science teaching associations, 
including biology sections within such groups. It was also instrumental in bringing into being an 
international organization of these groups, the International Council of Associations for Science 
Education (ICASE). Its organizational meeting in 1973 was held at the University of Maryland 
ov hited a conference on the training of teachers for integrated science teaching that attracted 
235 persons from 63 countries. Immediate ICASE plans include: the writing of a Unesco hand- 
book for science teaching to supplement the New Unesco sourcebook; an International direct- 
ory of science teaching associations; a quarterly newsletter; regional conferences; a manual 
on laboratory safety; and a teacher exchange programme. The United Kingdom will host the 
second meeting of ICASE in December 1975 which will interact with a Unesco conference on 


the evaluat; ; x ; À rae e 
he evaluation of integrated science teaching and the annual meeting of the British Association 
for Science Education. 


Scientists groups 


Ghd a STS kaan intentat in quality science teaching. They band together in national 
edunt Tonnies ai rae share their latest scientific discoveries but they also set up 
eciperiored the 197: on ore educational innovation. The committee that organized and 
Commission of the Int ernational biology teaching conference in Sweden, the Education 
TF ena Union of Biological Sciences, has as a major goal the stimulation 


of high standards of biology teachi 
- a ng at 5 ear: Fs k age o 
arranging conferences such as the a s all levels of academic instruction. In addition t 


> in bi : it has been a main contributor to the Unesco New 
biologists and Biology teacher ina nag OS CoMmISION Bas @ newsletter which reaches 
set 7 nds an i icati s 
rooms ideas which are well worth sharing and ng OS EE far Sree es 
i ge gee me a i branch of the International Council of Scientific Unions (ICSU) 
RTT ae eu ncaitonal kommission Of dts own, The ICSU Commission on Teaching 
Science (CTS) stimulates all kinds of co-operati ner 3 
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national conferences, supports relevant educational studies, 


organizational meeting. It holds inter 
ng into environmental education activities that will have 


convenes symposia and is now movi 


relevance to biology teachers in all regions. 
In many parts of the world, groups of scientists affiliate to specific programmes. For 


example, groups in the Latin American countries including the following: in Peru - PRONAMEC 
and IPEB (National Programme. for the Improvement of Science Education and Institute for 
the Promotion of Biology Education), Brazil - IBECC (Brazilian Institute for Education, Science 
and Culture), Argentina - INEC (National Institute for the Improvement of Science Teaching) 
Venezuela - [VIC (Venezuelan Institute for Science Research) and CENAMEC (National Contre 
e Education), and in Central America - CEMEC (Study Group for 


for the improvement of Scienc 
aching) which includes Honduras, Guatemala and surrounding 


the improvement of Science Te 
countries. 


Teachers groups 


In addition to working with scientifically-oriented groups such as IUBS and ICSU, biologists 
are establishing links with the numerous science teaching associations, particularly at the national 


level. The ICASE Directory lists over 50 national groups and many more are now being formed. 
d regional organizations of classroom teachers and scientists. 


i a trend towar: 
F ngt Saree for Biology Education (AABE) is an example, while areas of Africa and 
the Caribbean also have similar organizations. Through their meetings, they have brought about 
improved communications among individuals and produced some valuable publications. In 
addition to their monthly journals, many have quarterly or bi-annual newsletters to keep 
members well informed on new developments. In Africa, for example, the Ghana Association 
tribute on the occasion of its 20 years existence in 


of Science Teachers received a major ) : 
November 1975 when representatives of science teaching groups from many nations were able 


to see their accomplishments. 

While some associations 
the French Teachers Associa 
of the Teachers of Biology an 


are all-encompassing some are limited to biology, and some like 
tion in Biology and Geology (APBG) and the Finnish Association 
d Geography, cover two disciplines with their membership. 


Science curriculum development projects 


nce teachers, science educators and science supervisors have been 
s to pee open Pea courses of study. Biology 
Š A 4 d in this work. The inth Report of the International Clearin: 

I especially Mathematics Curricular Developments indicates that of all the mens 
projects undertaken in these 20 years, some 170 projects have biology as a major part of their 
h projects with considerable financial backing such as the United States Biological 

work. Althoug E Study (BSCS), the British Nuffield Biology Projects and the Australian 
a eck ei es ‘Web of Life’ project are well known, a large number of others have also 


done fine work. -t activities not only cross over boundaries existing within nations, they have 

These project a bringing together people and ideas from all over the world. The adaptation 
been very effective a aik have provided an outstanding example of large-scale co-operation. 
and implementation heir own work by not having to ‘re-invent the 


: A ogee i id progress in t 
ies can achieve rapid p g 3 eN: 4 
Tndivigual count develop curricular materials. The range of activities is worldwide and 


’ èi ime the S c 
pieri wee Al present International Clearinghouse Reports). Governmental and quasi- 
governmental groups. 


Since 1956 scientists, scie 
eager to work co-operatively so 4 
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The ministries of education of a number of countries are actively involved in helping to 
improve teaching situations by co-operative support, stimulating ideas and furnishing funds to 
bring about needed changes. There have already been some excellent endeavors in the African 
Asian countries and the Middle East is moving very rapidly towards expanded educational 
support. 

The governments of countries such as the United Kingdom and the United States, either 
directly or through quasi-governmental agencies, have been involved in numerous overseas 
educational activities. The British Council, with funds from the Ministry of Overseas Develop- 
ment, has held educational seminars of one to four weeks duration on various aspects of primary 
and secondary education including teacher education; sent specialists and consultants on tours 
to deliver lectures or conduct workshops; furnished personnel and finances for local curriculum 
development as in Kenya and the Caribbean; provided a great deal of information through the 
tri-yearly Science Education Newsletter and numerous bibliographies on science and mathem- 
atics curricular developments; and awarded scholarships, technical assistance grants, fellow- 
ships and travel grants for study in science education, including biology teaching. 

The United States, through its National Science Foundation (NSF), has intensively supp- 
orted science curriculum development work since 1956. Its activities have included such inter- 
nationally important projects as the Biological Sciences Curriculum Study (BSCS) whose writers 
and staff members have worked co-operatively with their overseas counterparts. Workshops for 
teachers and professors were held overseas in respect of a number of the new projects. The 
NSF has tried to furnish valuable science education information by establishing and supporting 
the International Clearinghouse on Science and Mathematics Curricular Developments (The 
InC). In addition to its bi-annual Reports, it maintains a comprehensive collection of curr- 
iculum project ‘soft-ware’ (printed material including texts, laboratory books, teacher guides, 
etc.) and model ‘hardware’ (Laboratory equipment and audio-visual materials) from all over the 
world for perusal at the University of Maryland’s Science Teacher Centre. Plans are now being 
formulated for an international newsletter from the InC that will help keep information flowing 
on as a regular basis. 

f In South America and the Caribbean, major activities are under way in several countries, 
with the programmes of Argentina, Brazil, Colombia, Chile, and the West Indies among the most 
important. More will be said about Asia in reference to centres and regional programmes. Canada 
has undertaken a number of co-operative programmes, as have most of the Scandanavian 
oE en Institut national de la recherche et de la documentation pédagogiques 
nE ee Institute for Educational Research and Documentation) has some similar 
Soutien eats Y» especially in connexion with several European countries, North African 
= nd others south of the Sahara (educational research and retraining of teachers). 

ilateral groups. 
se mane Boverniment funded groups described above that have as their focus 
a anoal leas, 1 a eun iy there are organizations that operate with other countries on 
exchange programmes, Some ven there are teacher-exchange programmes as well as student 
able to act later as consultants a ies oe POUn Uy, may Tis iramed un another so asto see 
in European countries. In addition ge countries. Bilateral groups have been particulary wore 
such groups have furnished substantial AE cn lag A 

One multi-country operation involving som 
| teens pr he on Ba bie pote Development (USAID). This was a co-operative 
the publication of three volumes on Improvisi, s Seine, of science as investigation. It resulted in 


istry, and Physics which are still available in E li . - A tre 
and will soon be available in Spanish. nglish from the University of Maryland’s Cen 


A highly popular bilateral activity was that originally set up as the Fulbright Scholarship 
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and Exchange Programmes. Many countries in addition to the United States now have similar 
arrangements. 


Foundations 


has had some privately funded foundation take a serious interest in science 
-operative means to be effective. Classic cases include those of 
the Asian, Carnegie, Ford, Nuffield, Rockefeller, Swedish, Sony and Volkswagen Foundations 
which give massive support to education. Many others are less familiar but highly effective and 
have been successful with curriculum development, mass education, audio-visual assistance, 
reference services, consultant teams and training programmes with biology and agriculture 


frequently major foci. 


Almost every country 
teaching improvement and use co 


Universities 

Although universities and colleges primarily serve their own nationals, an increasing number are 

heavily involved in international activities on a co-operative basis. They furnish special curricula, 

aid in curriculum development work, exchange professors, share research laboratory staff, 
locations for meetings and, in general, encourage their faculty 


develop resource centres, serve as i 3 ; l UAE c 
to aid education at all levels. The next section details one of their major contributions to science 


teaching; the ongoing operation of science teaching centres. 


Science teaching centres 

, Ent ion i i - tion should be high are the scienc: 

A t of science education in which co-operatiol uld k e 
major developmen ies. Although their activities and specialities vary 


A : i i untri 
teaching centres established in various CO a | l ities 
ecni they have some characteristics in common. Most have direct ties with a university or 


it H à P e-service and/or in-service training of science teachers, maintain 
sk a poe “i ia or demonstration work, furnish consultant help to interested 
groups, are involved in some kind of curriculum development work, have audio-visual capabilities, 
study laboratory equipment and facilities of a commercial andrer of an i ata x sore and 
have many on-going co-operative activities, the effectiveness of which remain to be eva uated and 


increased. r : r x : i 
¥ that exemplify this type of operation might include those in 

ee en Tord, Lebanon, the Philippines, Singapore, Thailand, the United 
Ki a ; d th United States. While most of these are associated with one particular country, 
tan mi 1 SEAMEO-sponsored Regional Centre for Education and Mathematics 
other centres such as Me de the APEID Asian Centre for Educational Innovation for Develop- 
(RERBA Wn OE broadly oriented. They illustrate to an extreme degree co-operation with 
ment (ACEID) are more rous other science teaching centres around the world 


i-nati f sts, These and the nume : 
aper gee and implement some excellent biology teaching techniques. 
imulate prog 


Regional organizations 
ned expands, the need for closer co-operation and attention to 
important. The support of the RECSAM Centre by the 
a good example. They have identified a 


rea concer 
become even more 
f Education Organization is 


As the geographical a 
other viewpoints may 
South East Asia Ministers © 
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number of crucial educational areas such as science and are proceeding to bring about change. 
Other examples of regional groups are the West African Association of Science Teachers 
(WAAST), the Asian Association for Biological Education (AABE), the European Community 
Biologists Association (ECBA) and the Science Teachers Association in South East Asia. Their 
activities are expanded versions of those of national science teaching associations. 

In West Africa, four countries — Nigeria, Ghana, Sierra Leone and Gambia — are co-oper- 
atively involved through the West African Examination Council in teaching and assessing Advan- 
ced Level and Ordinary Level Biology. The schools in these countries follow one syllabus and are 
examined by one agency, the West African Examination Council. Another organization which is 
involved in science education in that part of the world is SEPA, Science Education Programmes 
in Africa. Curriculum work has been an important part of their activity. 

A major influence in the Middle East Region is the Arab League Educational, Cultural and 
Social Organization (ALECSO). It has many facets to its work and might be considered a sort of 
regional Unesco. Part of its programme consists of establishing science teaching centres and 
developing science curriculum materials. An example of related co-operation in the Middle 
East may be seen in the fact that over 15000 teachers have been seconded from Egypt to other 
Arab countries. Saudi Arabia is making extensive use of such regional co-operation. 

While most of the science teachers associations, have national meetings, several also hold 
regional sessions. The British Association for Science Education is active regionally as are two 
United States groups that assist teachers, the National Association of Biology Teachers (NABT) 
and the National Science Teachers Association (NSTA). 

Latin America has a number of organizations that are supported nationally and which 
should be mentioned here since they also play important regional roles. In Peru, there is the 
National Programme for the Improvement of Science Education (PRONAMEC) and the Inst- 
itute for the Promotion of Biology Education (IPEB). There is the Brazilian Institute for Educ- 
ation, Science and Culture (IBECC) with numerous projects including co-operation with six 
science teachers training centres located in So Paulo, Rio de Janeiro, Recife, Salvador, Belo 
Horizonte and Porto Alegre. Two important organizations in Venezuela are the Venezulean 
Institute for Science Research (IVIC) and the National Centre for the Improvement of Science 
Education (CENAMEC). A regionally active group in Central America is the Study Group for 
the Improvement of Science Teaching (CEMEC), while the Andes Bello Convention for the 
Andean group is active across the borders of Bolivia, Chile, Colombia, Ecuador, Peru and 


Venezula. On the contine wa : 
nt as a whole, the many programmes of the Organization of American 
States (OAS) are well known. y Prog 


International groups 


An i i ; r ; a 
n International group with broad general interests in education, including biology teaching, 1S 


the W ;i . - 
ipti Ge of the Teaching Profession (WCOTP). The Commonwealth Associations of 
ively with most nats, ee ED has a more specific direction but functions effect- 
, 5 a > O e Comm à blic- 
ations to bring about valuable interactions. onwealth countries. Both use conferences and pu 


The International Association f 
po x or the ; . ; s ood 
example of international OPTi Evaluation of Educational Achievements is a g 


‘ ia 3 on as it involved world-wide testing programmes for science 
aid eee in numerous countries, Designed as a base-line research study it 
pating countries to see how the training of such students in their own country 


pi rl ge e o countries. Although certain aspects of the testing procedures may be 
eae i gn quality of co-operative spirit should encourage similar programmes in the 


A specialized organization of interest to biologists everywhere is the International Assoc 


Regional and international co-operation for the improvement of biology education 


iation of Zoo Educational Officers. This association is very new and was formed officially on 
Copenhagen in 1974. Meetings to discuss co-operation had previously been held in 1969 and 
1971. The membership is growing and their next meeting will be in London in June 1976 


RECOMMENDATIONS FOR REGIONAL AND INTERNATIONAL CO-OPERATION IN THE 
IMPROVEMENT OF BIOLOGY EDUCATION 


Dissemination networks 


A network system should be established to: 
— encourage the exchange of information, ideas and experiences (especially about new 
d in the classroom, new curricula relevant to the needs 


teaching methods, living things use 
duals and institutions throughout the world who 


of society, evaluation, etc.) among indivi 


are involved in some aspect of biology education; 
— enable these individuals or institutions to make contact with each other for the purpose 


of exchanging services (methods, materials, especially inexpensive ones, funds, etc.) which 
are needed by some and which can be provided by others; 

— make the National Commissions of Unesco more aware of the role of Participation Grants, 
ensure and improve the dissemination of Unesco publications through the right channels, 
such as the science teac e national biology teachers’ organizations and 


their journals. 


hing centres and th 


Publications 
1. Unesco should continue and expand the compilation of the annotated bibliography on 
all aspects of biology education; distribution of such information should be effected 
through the proposed network. — Ae en i 
Unesco should support internationally the publication and dissemination of case studies 
and reports based on practical experience. Such publications should be distributed through 
the proposed network. ‘ 
3. Projects should be assisted which seek to 
and educational research into the schoo 
4. Regional journals for the publication of biolo 
should be established and supported. ; l 
5. In view of the great need for curricula and learning resources adapted to local and national 
s’ guides should be prepared at regional levels to 


i books or teacher: 
cece lagy eve seen methodology of teaching and its use in relation to local 
needs, local resources and their use, and information on the design and production of inex- 
pensive but effective audio-visual and science laboratory teaching equipment, such resource 
books would supplement the New Unesco source-book for science teaching, the Unesco 


teacher's guide on the biology of human populations and the upcoming Unesco handbook 


for science teachers. 


N 


incorporate the findings of relevant biological 
1 biology teaching system of each country. 
gy investigations by school pupils and teachers 


Training 
1 Teacher exchange programmes should be initiated and efforts be made to minimize any 
hardships involved. 


5 Regional and/or na science teachers’ centres could be established to aid science 


tional 
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teaching at all levels. Each centre would be in active contact with all others through the 
proposed network. 

3. Suitable specialists should be identified and properly used for the improvement of biology 
teaching to provide international co-operation in curriculum development and evaluation. 


National study groups and meetings 


Unesco should continue to support the initiation of national and/or regional groups in biology 
education; such groups should mainly consist of teachers and others actively involved in educ- 
ation. The already existing national study groups should continue to receive active support and 
be strengthened, in order to develop various activities such as: curriculum development, 
teacher-oriented workshops and seminars, meetings involving a wider range of concerned persons. 
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Conclusions 


Twenty years ago, the teaching of biology mainly emphasized such descriptive aspects as the 
morphology, anatomy and taxonomy, of living things, and the teacher’s activity in the classroom. 
The latter took the form of lectures with or without laboratory exercises, which at best involved 
verification by the pupil of statements made during the course. In most cases, the pupils’ act- 
ivity was essentially reduced to memorization of a great number of facts - a situation clearly 
reflected in the accompanying examination system. Lastly, the content of the biology courses 
was often initially defined in the industrialized countries and was then exported without any 
adaptation to the newly developing countries. 

During the last two decades, the subject of biology has expanded rapidly and is still expand- 
ing, both as regards knowledge of living organisms and the techniques by which this knowledge is 
obtained. Moreover, there has been an added emphasis on the implication of this knowledge for 
the general well-being of humanity at large. It is becoming increasingly possible to incorporate 
this new knowledge in existing biology courses, and both school and university syllabuses show 
signs of this approach. 

The evolution of biology teaching during the past twenty years or so has reflected these 
changes, and trends almost everywhere have remained more or less similar though their pace has 
to some extent varied. 

It is generally agreed that the starting point for such an innovative process was the Biological 
Sciences Curriculum Study (BSCS) projects in the United States (1959) followed by the Nuffield 
Biology Projects in the United Kingdom (1962) where up-to-date knowledge and techniques have 
been combined with more emphasis on the process of biological investigation and greater en- 
couragement to pupils to learn through experimentation and discovery approaches. Other 
countries followed suit. As a first step, some of them translated one or other of the versions of 
the BSCS books, either with or without course adaptation. In some cases, new courses were dev- 
eloped which took advantage of foreign experience and adapted it in the light of local needs, 
problems and preoccupations. In these efforts, some countries have even successfully tried to 
adapt their biology teaching to the pupils’ capacities. In all these cases, an overall trend has been 
teaching centred more onthe child and his immediate environment. 

Such a diversity in the evolution of biology teaching at world level might have brought 
about some contradiction, or at least heterogeneity, in the positions adopted by the two hun- 
dred participants who came to the Uppsala Congress from various countries and represented 
primary, secondary and university teachers, specialists in educational research and in child 
psychology, or decision-makers. But the Congress showed, on the contrary, a broad consensus of 
opinion on several points during the discussion of the twelve trend papers which were presented 
to the working groups. This consensus forms the basis of the present conclusions. 

As regards the place of biology teaching, it was clear to all that biology is an important 
component of general education; and since it contributes to language training and to the dev- 
elopment of the young child, it should commence at primary-school level with effective vertical 
co-ordination at subsequent levels right up to university entrance. Linked closely with this is the- 
question of horizontal co-ordination. An integrated science course is generally accepted at the 
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primary level, but at higher levels its philosophy is still questioned. Nevertheless, the fact remains 
that horizontal co-ordination of biology with sister disciplines is necessary for the sake of effect- 
iveness. 

At the level of curriculum preparation, it is generally agreed that curricula should be defined 
and developed to follow clearly the objectives which are to be achieved through them. For every 
country, such objectives should at the same time take into consideration the universal principles 
of biology and the local character of the biological events the child can perceive. The curricula, 
therefore, should be centred more on the child’s context, motivations, needs and future. They 
should also take into account the society where the child is to live and where he should receive 
much information through the mass media. The pupil cannot simply gather and store this know- 
ledge. He should therefore be trained with a view to an informal, prolonged education, during 
which he can sort out all the necessary information for his use. 

A change in teaching methods is therefore necessary, with priority given to direct exper- 
ience, above all in young children. This does not mean that the discovery method should be pur- 
sued without order; it implies rather a progression during which the teacher guides the pupil 
according to the determined objectives and helps replace rote learning by the elaboration of 
concepts into organized knowledge which may be improved and extended during pupils’ own 
experiments. Moreover, skills will have to be developed in order to be used outside the classroom. 
All these objectives can be attained only through the diversification of teaching methods. As to 
the contents of the curricula, fashions have been noticed everywhere, such as the introduction of 
molecular biology or ecology, but it is desirable that before accepting or rejecting such trends 
of content evolution, the importance of these new fields in the training of grown-ups should be 
assessed, and due consideration given to social, environmental and population biology which, at 
present, is too often neglected in most curricula. 

Lastly, the curricula cannot-be considered satisfactory until a careful evaluation has taken 
place (not only during curricultim elaboration - ie. concerning a provisional curriculum - but also 
after the final product, by following the same children for several years in order to assess the real 
impact). -It is obvious that, for the sake of objectivity, those who make this evaluation of curr- 
icula should not be those who built them. 

At the level of assessment of students’ achievements, the ways and means of making such 
an assessment should be adapted’ to the new objectives of teaching, in as much as it is desired to 
replace note learning by the acquisition. of know-how. Biology seldom plays an important role 
in the selection of students and, hence, assessment could be oriented towards some kind of 
diagnosis, i.e. some kind of relationship between the teacher and the student, so that both may 
mon to what extent teaching objectives have been achieved. Due to the diversity of objectives, 
ne pure and simple recall of data cannot be the main criterion in assessment and the types of 
assessment trials should be as diverse as possible. 
ame beta opin are, in most of the countries, two distinct categories of specialists 
iheone ban. aid se "i fie of biology teaching: those responsible for curriculum change, on 
pon trite it w. n teach, on the other. The teachers have often received an old-fash- 
The A ET nen es training exists, it is more scientific than pedagogical. 
ovation among the tees oe often worried by the slow and ineffective dissemination of inn- 
deces to innovation effort 1S generally assumed that less than 30 per cent of teachers have 
ane : Orts after several years) and by their lack of motivation for in-service 
Ce THe: teachers alaini iat they are neglected in educational research, for which they feel 
they have some competence and judgement capacity: th laim that they are confronted with 
innovations for which they have not been pepak ia et r ; RRI a. 3 fae 

The suggested solution is, on tt ng wien they. ha DO: Gaange ‘LO 
$ ne one hand, t hers participate more closely 
in educational research, so that their diffi ee aD iii 

i : ae ifficulties and reluctance to accept new curricula are 
known be pi sss ni Starts, thus ensuring greater effectiveness; on the other, to see that 
both initial and in-service training are Provided by the same institutions, so that a more coherent 
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teaching staff is produced. Teachers will thus develop progressively a better knowledge of new 
educational technology - e.g. audio-visual aids, not only as regards their handling, but also the 


best way of using them. 


The progress made during the last twenty years was achieved partly thanks to international 
co-operation which has not only fostered useful competition, but permitted greater effectiveness. 
The role of Unesco must to be acknowledged in this area, but there is still room for improvement 
so that every country can proceed with a critical appraisal of experiments and errors made else- 
where and, at the same time, question some aspects of its own teaching when confronted with 
different ideas. Within the same country, more exchanges should take place between the various 
categories of teachers and educators, as well as within the teachers’ associations, and even within 
a school or group of schools. Such a process can contribute, with minimum effort, to the serious 
improvement of the teacher’s training to the great benefit of his students. 
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